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7. HUMAN HEALTH BASELINE RISK ASSESSMENT

This Baseline Risk Assessment (risk assessment) has been prepared by Clement Iglternational
Corporation, Inc., under subcontract to ICF KE. This risk assessment was completed before the
additional sampling data collected in 1991 were available. Therefore, these data were not included
in the quantitative portions of the assessment. A review of the additional data and their impacts on
the risk assessment was conducted. These impacts are summarized at the end of this section and
discussed in greater detail in Appendix K.

{,
H
l

This risk assessment addresses the potential human health and environmental impacts
associated with the Arrowhead Plating site in Montross, VA. In response to Article VII-B of the
Administrative Order by Consent (Consent Order) executed by Scovill, Inc., and the Virginia
Department of Waste Management (VADWM), a baseline risk assessment has been conducted. The
overall goal of the risk assessment is to determine whether chemicals associated with the site pose
current or potential future risks to human health or the environment. The results of the risk

7.1 INTRODUCTION

assessment may be used to determine whether remediation is necessary, to provide justification for
* performing remedial action, and to assist in determining which media need to be remediated. ‘

This risk assessment follows EPA guidance for performing risk assessments in general (EPA
1986a,b,c,d) and for Superfund risk assessments in particular (EPA 1989a). This risk assessment was
conducted using generally conservative assumptions, including the concept of "reasonable maximum
exposure," as outlined by the EPA (EPA 1989a, EPA 1990b). The general purpose of using
conservative assumptions is to ensure that health protective decisions will be made even in the
absence of comprehensive and definitive health studies. As a result, the risks calculated in this
assessment do not necessarily represent the true risks which are experienced by the exposed
population, but rather represent the upper-bound risks potentially experienced by the exposed
population; exposures and risks above those predicted here are highly unlikely to occur. The
approach used in this assessment is compatible with EPA’s policy (EPA 1990b) of protecting all
members of the population, including sensitive subgroups, from advers«= effects assoc1ated with
exposure to hazardous chemicals. ' | :

o

The remainder of this risk assessment is organized as follows: |
!

* Section 7.2, "Selection of Chemicals of Potential Concern." Chemicals detected
in environmental media sampled during the field investigation (soil, ground water,
surface water, and sediment) are identified and chemicals are selected for
evaluation in the risk assessment (Section 7.5). . S ;

* Section 7.3, "Exposure Assessment.” The pathways by which human populations
may be exposed to chemicals of potential concern are identified. Exposure
pathways under both current and potential future land use conditions are identified
and pathways are selected for further evaluation. In addition, concentrations of ‘
chemicals in environmental media at potential exposure points are identified and
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exposure is quantified for selected pathways. Concentration estimates are derived
using available concentration data alone or in combination with models that
describe the movement of chemicals in and between media.

* Section 7.4, "Toxicity Assessment." Chemicals of potential concern are character-
ized with respect to their toxic effects in humans and health effects criteria are
identified.

* Section 7.5, "Risk Characterization." Quantitative risk estimates for human populations
are derived by combining the estimated intakes (developed in Section 7.3) with the health
effects criteria (identified in Section 7.4). Qualitative risk evaluations are conducted for
selected pathways. The uncertainties and limitations of the risk assessment are discussed.

* Section 7.6, "Environmental Assessment." Risks are evaluated for non-human
receptors potentially exposed to site-related chemicals. Potential receptor
populations are identified, exposure is assessed, and relevant toxicity data are
summarized. Then, information on exposure and toxicity is combined to evaluate
potential impacts on the selected receptor species.

* Section 7.7, "Summary and Conclusions." The results of the risk assessment are
summarized and conclusions are presented.

7.2 SELECTION OF CHEMICALS OF POTENTIAL CONCERN

The preceding sections of this report have discussed in detail site background information and
the results of the field investigations. This information is used in this section to identify the chemicals
of potential concern in each medium. Chemicals of potential concern are defined as those chemicals
that are present because of past activities at the site, and therefore exclude those chemicals that are
definitively associated with sampling or laboratory artifacts,’ or that are present due to sources or
activities unrelated to the Arrowhead Plating site. In this assessment, both organic and inorganic
chemicals are considered for selection as chemicals of potential concern. In accordance with EPA
guidance (EPA 1989a), all potentially site-related organic chemicals are selected as chemicals of
potential concern. However, because inorganic chemicals can be present in the environment from
natural sources, unrelated to the site, they are selected as chemicals of potential concern only if they
are present in site-related samples at concentrations above those present in site background samples.

Background concentrations were determined from wells, soil borings, surface water, and
sediment samples from upgradient locations. Statistical evaluation was not possible because sufficient
numbers (three or more) of samples were not available to calculate the standard deviation needed
for statistical analysis. Instead, the following procedures were followed in comparing measured on-site
concentrations to background levels:

IData included in this section have undergone all stages of data vahdatlon including a comparison to laboratory, field,
and trip blanks. .
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* For media in which two background samples were available (i.e., ground water and
soil borings), a chemical was considered to be within background levels if the
maximum detected concentration was within the range of background
concentrations. T |
» For media in which only one background sample was available (i.e., surface water
and sediment), a chemical was considered to be within background levels if the
maximum detected concentration was less than two times the background level.
Although a factor of 2 is arbitrary, it is used to reflect some of the inherent
variation in chemical distribution in the environment. The factor of 2 is regatded
as conservative because natural variation in background concent: ratlons can be over

an order of magnitude. -

Sample results are tabulated for each environmental medium sampled during the field
investigation (surface soil, subsurface soil, ground water, surface water, and sediment) and are
summarized by presenting the range of detected concentrations and the frequency of detection for
each chemical (excluding the additional 1991 data) to provide an indication of the extent of
contamination in these media. !
|
The following steps were used to summarize sampling data for each medium.

* Chemicals that were never detected in a given medlum were excluded from the
data summary for that medium. i

* Duplicate samples (those taken at the same location on the same day) were
combined by calculating the arithmetic average of the two sample concentrations.

* Round 1 and Round 2 data from any given sampling point were combined by
taking the arithmetic average of the two sample concentrations. |

* To calculate the arithmetic average for a data pair (i.e., duplicates, or Round 1
and 2 data), in which the chemical was detected in only one member of the sample
pair, one-half of the sample quantitation limit (SQL) was used for non-detected
chemical concentration. If an SQL was not available, one-half of the Contract
Laboratory Program quantitation limit (CRQL) was used instead. If a chemical
was detected in only one member of a sample pair to be averaged, the average of
the two numbers was labeled as a detect. Sample-specific detection limits which
exceeded two times the maximum detected value for a given chemical in a given
medium were excluded from arithmetic average calculations. This was done to
prevent the mean from being artificially biased upwards by high detection limits.

Summarized data are discussed below by medium. Section 3 of this report should be consulted

for an identification of sample locations within each medium. :
!
i
7.2.1 Surface Soil ‘

i
i
i

One round of surface soil (0-6 in.) samples was collected from 20 locations on the site and
analyzed for volatile organic compounds (VOC), base neutral acids (BNA), and inorganic chemicals.
Eight samples were collected around the former drum storage areas east and north of the existing
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A.R. Winarick facility, four samples were collected surrounding the above-ground acid tanks located
north of the building, four samples were collected around the above-ground chlorinated solvent tank
near the northwest corner of the building, three samples were collected from the drain lines which
drain from the site into Scates Branch, and one composite sample was collected from an area of
stained soil (SP1) located near the large drum storage area.

Chemicals detected in the surface soil are shown in Table 7-1 (excluding the additional 1991
data), along with the frequency of detection, range of detection limits, and range of detected
concentrations. Table 7-1 also presents background concentrations for soils of the area. Because
no site-specific background surface soil samples were available, chemical concentrations in subsurface
soil from background areas (SB1 and SB3) were used to evaluate the site-relatedness of inorganic
chemicals in surface soils. An inorganic chemical was considered site related if its surface soil
concentration was above the range of background concentrations reported from subsurface soil.
Organic chemicals that were detected in a given area, and inorganic chemicals whose concentrations
are considered significantly greater than background levels are identified by an asterisk as chemicals
of potential concern in that area.

Sampling data for surface soil are discussed below by sampling location. Separate discussions
are presented because each sampling location represents a distinct source area; evaluating them
separately will facilitate in the determination of the need to remediate the individual source areas.

Drum Storage Areas. Three drum storage areas were sampled. Several volatile and semi-
volatile (phthalates) chemicals were detected in these areas. With the exception of acetone, which
was detected in three of eight samples, all organic chemicals were detected infrequently (one of eight
samples) and at generally low concentrations. Acetone, bis(2-ethylhexyl)phthalate, and carbon
tetrachloride were detected at concentrations at or near the detection limit, and methylene chloride
was detected at a concentration below the detection limit. All organic chemicals, although present
infrequently and at low concentrations, are selected as chemicals of potential concern for the drum
storage areas.

Inorganic chemicals, with the exception of iron, were present at concentrations above
background concentrations and therefore are selected as chemicals of potential concern for the drum
storage area.

Acid Tank Area. Acetone, methyl ethyl ketone (2-butanone), and bis(2-ethylhexyl)phthalate
were the only organic chemicals detected in the acid tank area. Acetone and methyl ethyl ketone
were detected in one of four samples (SS35) and bis(2-ethylhexyl)phthalate was detected in two of
the four samples (SS32 and SS33). The detected concentrations of these chemicals are low, with the
reported concentration of methyl ethyl ketone near the detection limit and that of bis(2-ethyl-
hexyl)phthalate below the detection limit. These chemicals are nevertheless selected as chemicals of
potential concern. Inorganic chemicals, with the exception of iron, were detected at concentrations
above background concentrations and therefore are selected as chemicals of potential concern for
the acid tank area.

Solvent Tank Area. Tetrachloroethene was detected in all 4 samples collected in this area with
a maximum concentration of 3,300 g/kg. Acetone and 1,1,1-trichloroethane were detected in one
sample each (SS36 and SS37, respectively) at concentrations of 3,200 and 20 pg/kg, respectively.
Phenanthrene, a polycyclic aromatic hydrocarbon (PAH), was detected once (SS36) at a reported
concentration below the quantification limit. All organic chemicals are selected as chemicals of
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TABLE 7-1 B

SUMMARY OF CHEMICALS DETECTED IN |
SURFACE SOIL AT THE ARROUHEAD PLATING SITE
(Concentrations reported as ug/kg for organic and mg/kg for inorganic chemlcals)

feanl - b

. Range of
Area/ Frequency of Range of Range of Detected Background
Chemical Detection (a) Detection Limits Concentrations Concentrations (b)
Drum Storage Areas (c) i
Organics: i
* Acetone 3/8 11 - 12 11 -~ 50 ND (11 - 14)
* Bis(2-ethylhexyl)phthalate 1/8 270 - 390 310 ND (380 - 470)
* Carbon tetrachloride 1/8 6 ! ND
* Di-n-butylphthalate 1/8 370 - 770 ’ 400 : ND
* Methyl ethyl ketone 1/8 1M - 12 21 ND (11 - 14)
* Methylene chloride 1/8 6 4 ND (6 - 7)
* Jetrachloroethene 1/8 6 97 ND (6 -7
* 1,1,1-Trichloroethane 1/8 () 32 . : ND
* Trichloroethene 1/8 6 29 : ND
Inorganics: ) :
* Aluminum 8/8 80 4,300 - 9,800 2300 - 4500
* Barium 8/8 80 19 - 51 8.4 - 8.5
* Calcium 8/8 2,000 500 - 19,000 15 - 25
* Chromium 8/8 4 6.8 - 12 3.9 -7
* Copper 6/8 10 - 13 32 - 180 3.7 - 4.5
* Cyanide 7/8 0.5 0.6 -~ 8.7 ND (0.36 - 0.4)
Iron 8/8 40 5,000 - 11,000 21,000 - 27,000
* Lead 5/8 4.9 - 8.6 5.2 -9 ND (4.5 - 4.8)
* Nickel : 8/8 16 . 2.4 - 6.3 © 3.1 - 3.2
* potassium 8/8 2,000 170 - 860 ND (104 - 200)
* Silver ' 1/8 0.3 - 0.4 0.7 ) . ND (0.33)
* Sodium 8/8 2,000 53 - 340 ND (14 - 17)
* 2inc 8/8 8 % - 77 7.2 - 9.7
Acid Tank Area (d)
Organics: ) .
* Acetone 1/4 8 -12 o8 ND (11 - 14)
* Bis(2-ethylhexyl)phthatate 2/4 370 - 390 190 - 200 ND (380 - 470)
* Methyl ethyl ketone 174 11 - 12 16 ND (11 - 14)
Inorganics: !
* Aluminum - 414 80 1,000 - 15,000 2300 - 4500
* Barium 44 80 - 18 - 68 8.4 - 8.5
* Calcium 4/4 2,000 100 - 1,900 15 - 25
* Chromium 4/4 4 3 - 19 . 3.9-7
* Copper 2/4 2.7 - N 35 - 37 3.7 - 4.5
* Cyanide 1/4 0.5 - 0.6 0.7 ND (0.36 - 0.4)
Iron 3/3 40 560 - 16,000 21,000 - 27,000
* Lead 374 4.6 .6 - 10 ND (4.5 - 4.8)
* Mercury 174 0.1 - 0.1 0. 2 _ND €0.1%)
* Nicket 3/4 1.3 2.5 - 3.1 - 3.2
* potassium 4/4 2,000 150 - 520 ND €104 - 200)
* Sodium 4t4 2,000 30 - 95 ND (13.6 - 16.5)
* Zinc 414 8 1.9 - 51 7.2 - 9.7
Solvent Tank Area (e)
Organics: :
* Acetone 174 11 - 60 3,200 ND (11 - 14)
* phenanthrene 174 660 140 ND
* Tetrachloroethene Ll4 10 19 - 3,300 ND (6 - 7)
* 1,1,1-Trichloroethane 174 6 &0 ‘ ND
Inorganics: '
* Aluminum 474 80 5,800 - 8,500 2,300 - 4,500
* Barium 4/4 80 37 - 140 8.4 - 8.5
* Cadmium 1/4 0.6 - 0.6 1.0 . ND (0.54)
* Calcium 474 2,000 600 - 4200 .15 - 25
* Chromium 414 4 7.7 - 13 39 -7
* Copper 3/4 8.3 31 - 7,800 3.7 - 4.5
Iron 414 40 6,900 - 12,000 21,000 - 27,000
* | ead 4/4 1.2 6.9 - 19 ND (4 5 -4.8)
* Mercury 1/4 0.1 6.4 _ND (0.11)
* Nickel 4/4 16 2.5 - 15 3.1 - 3.2
* Potassium 474 2,000 200 - 310 ND (104 - 200)
* Silyer 1/6 .3 - 0.3 0.5 ND (0.33)
* Sodium 414 2,000 39 - 140 ND (13.6 - 16.5)
* Zinc 474 12 - 860 -7.2 - 9.7

7-5
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TABLE 7-1 (Continued)

SUMMARY OF CHEMICALS DETECTED IN
SURFACE SOIL AT THE ARROWHEAD PLATING SITE

(Concentrations reported as ug/kg for organic and mg/kg for inorganic chemicals)

Range of
Area/ Frequency of Range of Range of Detected Background
Chemical Detection (a) Detection Limits Concentrations Concentrations (b)
Drain Lines Area (f)
Inorganics:
* Aluminum 3/3 80 8,700 - 11,000 2,300 - 4,500
* Barium 3/3 80 30 - 35 - 8.5
* Calcium 3/3 2,000 100 - 300 15 - 25
* Chromium 3/3 4 10 - 13 3.9 -7
* Copper 3/3 10 4.3 - 5.1 3.7 - 4.5
Iron 3/3 40 8,400 - 14,000 21,000 - 27,000
* Lead 3/3 1.2 6 - 8.2 ND (4.5 - 4.8)
* Mercury 1/3 0.1 - 0.1 0.1 ND (0.11)
* Nickel 3/3 16 4.5 - 5.6 3.1 - 3.2
* potassium 3/3 2,000 320 - 400 ND (104 - 200)
* Sodium 3/3 2,000 16 - 44 ND (14 - 17)
* 2inc 3/3 8 13 - 15 7.2 - 9.7
Stained Area (g)
Organics:
* Bis(2-ethylhexyl)phthalate 171 10 1,200 ND (380 - 470)
* 1,2-Dichloroethene (total) 171 5 580 . ND (6 - 7)
* Tetrachloroethene 171 10 150 ND (6 - 7)

(a) The number of samples in which the chemical was detected divided by the total number of samples analyzed.
(b) No surface soil background concentrations were available. Therefore, background concentrations obtained
from subsurface soil samples (SB1 and $83) are reported here.

(c) Samples: $S21 - S$828.

(d) samples: $$32 - $S35.

(e) Samples: 8836 - $S39.

(f) Samples: 8529 - 8$831.

(g) Sample: SP1. Sample analyzed for organic chemicals only.

*

ND

Chemical of potential concern.
Not detected. Detection limits given in parentheses if available.
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potential concern. In addition, all inorganic chemicals with the exceptlon of iron were detected at
concentrations above background and therefore are selected as chemicals of potential concern for
the solvent tank area. ;
’ o

Drain Lines. No VOCs and BNAs were detected in any of the three drain line samples.
However, all of the inorganic chemicals with the exception of iron were detected at concentrations
above background and are selected as chemicals of potential concern. :

Stained Area. The composite sample taken from the stained area (SP1) was analyzed only for
organic chemicals. Tetrachloroethene, 1,2-dichloroethene, and bis(2-ethylhexyl)phthalate were the
only organic chemicals detected and are selected as chemicals of potentml concern for the stained
area. ,

7.2.2 Subsurface Soil

Subsurface soil samples were collected from 13 soil borings obtained during monitoring well
installation, including borings from on-site background locations (SB1 and SB3) and analyzed for
VOCs, BNAs, and inorganic chemicals. Six additional borings from the old pond and sludge storage
pond areas (SB15-SB20) were analyzed for copper, zinc, cyanide and organic chemicals. These three
inorganic chemicals were associated with past activities at the site and were detected at high
concentrations in the drum storage and pond areas prior to the Immediate Removal Actions
conducted in 1986-1990. -

The chemicals detected in subsurface soil samples are presented in Table 7-2 (with the
exception of the additional 1991 data) along with the frequency of detection, range of detection
limits, range of on-site concentrations, and range of background concentrations. Chemical
concentrations were averaged across depth within a soil boring before being summarized along with
other data from across the site. No concentration trends with respect to depth were observed, and
therefore data were not summarized with respect to depth. Six VOCs and two BNAs were detected
in subsurface soil samples. Acetone and tetrachloroethene were each detected at 3 of 12 sample
locations. Methyl ethyl ketone (2-butanone), methylene chloride, toluene, and xylenes were each
detected once. 4-Chloro-aniline and bls(2-ethylhexyl)phthalate both BNAs, were each detected only
once. 4-Chloro-aniline was not detected in any other media at the site. All orgamc chemicals
detected in subsurface soils are selected as chemicals of potential concern. ;

Twelve inorganic chemicals were detected in subsurface soil. Five of the twelve inorganic
chemicals (aluminum, copper, nickel, potassium, and zinc) were detected in all samples analyzed. In
the six additional samples analyzed for only copper, zinc, and cyanide, copper and zinc were detected
in all samples, and cyanide was detected in five of the six samples.

All inorganic chemicals detected in subsurface soils are selected as chemicals of potential
concern because they were present at levels that exceeded the range of background concentrations.

7.2.3 Ground Water

Groundwater samples were collected from 16 monitoring wells, including 2 on-site background
wells (MW1 and MW3), and analyzed for VOCs, BNAs, and inorganic chemicals. With the exception
of the wells AR-1, AR-2, and AR-3, two rounds of samples were collected and analyzed for VOCs,
BNAs, and inorganic chemicals. Data-from Round 1 and Round 2 were averaged for each well

i
a .

77 ﬁ R30I ‘E&“?“‘fg‘éf



27-Mar-91 PLATBORE

TABLE 7-2

SUMMARY OF CHEMICALS DETECTED IN

|
e |
SOIL BORINGS AT THE ARROWHEAD PLATING SITE

(Concentrations reported as ug/kg for organic and mg/kg for inorganic chemicalsi

T

Range of " Range of
Frequency of Range of Detected On-site . Background
Chemical Detection (a) Detection Limits Concentrations (b) Concentrations (c)
i
Organics: "
* Acetone 3712 11 - 16 12 - 5,600 ND (11 - 14)
* Bis(2-ethylhexyl)phthatate 1M 360 - 380 210 ND (380 - 470)
* 4-Chloroaniline 7N 360 - 840 ) 515 ND (380 - 470)
* Methyl ethyl ketone 1712 11 - 16 13 ND (11 - 14)
* Methylene chloride 1712 5-8 10.5 ND (6 - 7)
* Tetrachloroethene 3/12 5-1 8 - 70,000 ND (6 - 7)
* Toluene 1712 " 5-55 3 ND (6 - 7)
* Xylenes (total) 1712 5-6 4 ND (6 - 7)
Inorganics: ‘ I
* Aluminum B A VAL 80 3,600 - 8,300 2,300 - 4,500
* Barium 5/11 9.5 - 44 12 - 33 8.4 - 8.5
* Calcium 5/11 100 - 450 18 - ﬂO 000 15 -25
* Chromium 5/11 6.2 - 18.4 5.5 - 3.9-7
* Copper - 17717 10 1.4 - 30 3.7 - 4.5
* Cyanide 6/17 0.3 - 0.7 0.2 - 1.1 ND (0.36 - 0.4)
* Iron 5/11 9,690 - 54,100 9,900 - V3,000 21,000 - 27,000
* Lead - 5/11 3.1 - 5.6 4.2 - 9.7 . 4.8
* Nickel 11711 16 1.4 - 5.4 3.1 - 3.2
* potassium "M/1 2,000 160 - 1,100 198
* Sodium 4/11 14.8 - 575 82 - 500 (d)
* Zinc 17717 8 5.2 -

91 S 7.2-9.7

(a) The number of soil boring locations at which the chemical was detected divided by the total number of soil
boring locations for which samples were analyzed.

(b) Samples: $B2, SB4 - SB13, SB20. . !

(c) Samples: SB1 and SB3. '

(d) Sodium was reported in the blank at concentrations higher than those reported in the background samples.
Therefore, the actual concentrations in the background sample are unknown.

Chemical of potential concern. i :
Not detected. Detection limits given in parentheses.

ND
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TABLE 7-3

SUMMARY OF CHEMICALS DETECTED IN
GROUND WATER AT THE ARROWHEAD PLATING SITE

(Concentrations in ug/L)

Frequency of

Range of

Range of Detected

Range of Background

Chemical Detection (a) Detection Limits On-Site Concentrations (b) Concentrations (c)
Organics:

* Acetone 371 7.5 - 2,500 12 - 780 ND (7.5) - 96
* Chloroform 1/ 14 5 9.8 ND (5 - 15)

* 1,1-Dichloroethane 17 14 5-7.5 42 ND (5 - 15)

* 1,1-Dichloroethene 77 1% 5 - 750 4.5 - 6,200 ND (5 - 15)

* 1,2-Dichloroethene (total) 37/ 14 5 - 2,500 79 - 4,400 ND (5 - 15)

* Methylene Chloride 37 1 5 - 100 3.3 - 180 3.8

* Tetrachloroethene 117 14 5 19 - 16,000 ND (5 - 15)

* 1,1,1-Trichloroethane 9/ 14 5 4.5 - 90,000 ND (5 - 153)

* Trichloroethene 10 /7 14 5 - 2,500 3 - 4,500 ND (5 - 15)
Inorganics:

* Aluminum 14 / 14 400 2,200 - 55,000 3,600 - 5,700
* Barium 14 / 14 400 26 - 230 40 - 77

* Cadmium 3/ 1 3-5 4.1 - 7.6 ND (4.5 - 5)

* Calcium 14 /7 14 10,000 2,600 - 150,000 4,200 - 23,000
* Chromium 146 / 14 20 3.8-79 5.1 - 14

* Copper 14 / 14 50 2.3 - 9,100 4.1 - 4.5

* Cyanide 57 14 5-10 11 - 78 ND (5 - 10)

* Iron 14 / 14 200 6,900 - 110,000 6,700 - 10,000
* Lead 14 7/ 14 6 2 - 3.2 - 4.7

* Mercury 17 14 0.2 0.2 ND ¢0.2)

* Nickel 8/ 14 5-1 7.5 - 540 10.4

* potassium 14 / 14 10,000 1,200 - 13,000 1,700 - 3,000
* Silver 2/ 1 1 0.8 - 0. ND (1)

* Sodium 14 1/ 14 10,000 5,500 - 250,000 6,900 - 24,0

* 2inc 14 / 14 40 18 - 4,100 11 - 38

(a) The number of wells in which the chemical was detected divided by the total number

(b) Samples: MW2, MWs - MW13, AR1 - AR3.

(c) Samples: MW1 and MW3.

*

ND

limits.

Chemical of potential concern.
Not detected. Detection limits given in parentheses.

of wells sampled.

Value shown is arithmetic mean of Round 1 and Round 2 detection

Arrowhead RI
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before being summarized with other data from across the site. The chemicals detected in ground
water are summarized in Table 7-3 (with the exceptlon of the 1991 data) Copper and zinc were
detected in all wells, and cyanide was detected in 5 of 14 wells. All organic and i morgamc chemicals
detected in ground water are selected as chemicals of potential concern. ;
1

No BNAs were detected in any of the samples. VOCs, particulgﬂy halogenat:ed aliphatic
hydrocarbons, were present in 13 of 14 wells, as were the majority of the inorganic chemicals.
Tetrachloroethene and trichloroethene were the most frequently detected VOCs bemg detected in
11 and 10 wells, respectively, of the total of 14 wells sampled. :

Acetone and methylene chloride were detected in both upgradient and downgrédient wells.
Concentrations of these two chemicals were compared against concentrations in the blanks as part
of the standard QA/QC procedures; because the concentrations were significantly higher than
concentrations in the blank, they are reported as detected and are included as chemicals of potential
concern. }

The halogenated organic chemicals detected in ground water may have been used as solvents
at the Arrowhead Plating site or may have been present as impurities in solvents used at the site.
In ground water, chlorinated organic chemicals such as tetrachloroethene and 1,1,1-trichloroethane
are transformed over time by reductive dechlorination. Trichloroethene and 1,2-dichloroethene, both
products of reductive dechlorination, are present in ground water, suggestmg that this process may
be occurring in ground water at the site.

Vinyl chloride, one of the ultimate products of reductive dechlorination, was not present in
any of the initial groundwater samples at detectable levels. However, the groundwater samples had
to be diluted to obtain quantifiable concentrations of some of the VOCs and the resulting sample
quantitation (detection) limits for vinyl chloride range from 10 to 20,000 pg/L. In the additional 1991
sampling, vinyl chloride was detected in 5 of 20 samples at concentratlons ranging from 2 to 10 pg/L.
See Appendix K for impacts to risk assessment. . :

7.2.4 Surface Water

Surface water in the immediate vicinity of the site consists of Scates Branch, its tributary
streams, and Weavers Mill pond. Scates Branch originates at the northeast corner of the site and
flows in a northeasterly direction for approximately one mile, where it enters Weavers Mlllpond Two
rounds of surface water samples were obtained from seven locations (ST1 to ST7) in nearby surface
water and analyzed for VOCs, BNAs, and inorganic chemicals. ST1 was located on Scates Branch
immediately northeast of the site. ST2 and ST3 were located downstream on Scates Branch before
the millpond. ST4, considered to be a background sample, was located on an unnamed branch that
joins Scates Branch downstream of ST3. STS was on Scates Branch below this junction, ST6 was at
the inflow to Weavers Millpond, and ST7 was located at Weavers Millpond near its outflow into
Pierce Creek. Table 7-4 summarizes surface water sampling data (excluding additional 1991 data).
Inorganic chemical concentrations are reported as total concentrations. : |

VOCs were detected only in ST1 and ST2, the two sample points located nearest to the site
and not in samples collected further downstream suggesting that surface water transport of these
chemicals is limited by volatilization. Bis(2-ethylhexyl)phthalate was the only BNA detected in surface
water. It was detected only in Round 1, at a concentration of 18 pg/L.. All VOCs detected in the
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SUMSURF

SURFACE WATER AT THE ARROWHEAD PLATING SITE

TABLE 7-4

SUMMARY OF CHEMICALS DETECTED IN

(Concentrations in ug/L)

Ch

emical

Frequency of
Detection (a)

Range of

Detection Limits

Range of Detected
On-Site Concentrations (b)

Background
Concentrations (c)

Organics:

*
*

Bis(2-ethylhexyl)phthalate
1,2-Dichloroethene (total)

* Tetrachloroethene
* Trichloroethene

Inorganics (d):
* Aluminum
Barium
Cadmium

* Calcium
Chromium

* Copper

* Cyanide

* Iron
Lead

* potassium

* Sodium
Zinc

2 /6
/6
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10 - 14

wunun

12 ND (9.5)
- 25 ND (5)
- 38 ND (5)
- 34 ND (5)
- 2,400 380
- 87 59
- 5. 4.7
- 20,000 3,600
. 4.8
-1 1.3

ND (10)
- 6,200 1,400
- 1.8 1.1
- 7,900 2,900
- 110,000 9,8?0
- 5

(a) The number of locations at which the chemical was detected divided by the total number of locations sampled.

(b) Samples:
(c) Sample: ST4.

ST1 - §T3, ST5 - ST7.

(d) Total concentrations reported.

*
ND

Not detected.
detection Limits.

Chemical of potential concern.
Detection limit given in parentheses.
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Scates Branch, and bis(2-ethythexyl) phthalate, are selected as chemicals of potentlal concern in
surface water. ‘ =]

Of the inorganic chemicals detected, all except barium, cadmium, chromium, lead, and zinc
were detected at concentrations above background and are chosen as chemicals of potent1al concern.
No chemical distribution trend was observed for inorganic chemicals. - |

> l
7.2.5 Sediment o |
|
Sediment samples were collected from the same locations as surface water samples (ST1-ST7)
and analyzed for VOCs, BNAs, and inorganic chemicals. Table 7-5 summarizes sediment sampling
data (excluding 1991 data). VOCs were detected only in ST1, and only in the first of the two
sampling rounds. Acetone, methyl ethyl ketone (2-butanone), benzoic acid, and bis(2-ethylhexyl)
phthalate are the BNAs detected in sediment. All VOCs and BNAs detected in sediment are chosen
as chemicals of potential concern. Of the inorganic chemicals detected in sediment, only calcium,
nickel and sodium were detected at concentrations above background concentrations; these inorganic
chemicals also are selected as chemicals of potential concern in sediment. f :

7.2.6 Summary of Chemicals of Potential Concern

Table 7-6 presents the chémicals of potential concern for each medium. As shown in this
table, ground water contains the highest number of the chemicals of potential concern followed by
surface soil. Volatile organic chemicals comprise the majority of the organic chemicals of potential
concern; these chemicals were detected in all media sampled at the site. All media contain a large
number of inorganic chemicals of potential concern. Although, it is possible that all these inorganic
chemicals are site-related, it is most likely that some are within true background levels but could not
be eliminated from evaluation based on the few background samples collected at the site.

73 EXPOSURE ASSESSMENT I

In this section, the potential pathways by which human populations may be exposed to the
chemicals of potential concern are identified and exposure is quantified. In Section 7.3.1, potential
exposure pathways under both current and future land-use conditions are discussed and exposure
pathways are selected for further evaluation. In Section 7.3.2, the chemical concentrations at the
exposure points are calculated for each pathway selected for quantitative evaluation. Then the
magnitude, frequency, and duration of exposure are estimated and exposures (intakes) are quantified.
It should be noted that this quantitative analysis does not include the 1991 sampling data. See
Appendix K for impacts to the risk assessment. o !

73.1 Potential Exposure Pathways

An exposure pathway describes the course a chemical takes from the source to the exposed
individual. An exposure pathway generally consists of four elements:

* A source and mechanism of chemical release; ' ‘

* A receiving and/or transport medium;
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TABLE 7-5

SUMMARY OF CHEMICALS DETECTED IN
SEDIMENT AT THE ARROWHEAD PLATING SITE

(Concentrations reported as ug/kg for organic chemicals and mg/kg for inorganic chemicals)

Chemical

Frequency of
Detection (a)

Range of
Detection Limits

Range of Detected
On-Site Concentrations (b)

Background
Concentrations (c)

Organics:

* Acetone

* Benzoic acid

* Bis(2-ethylhexyl)phthalate
* 1,2-Dichloroethene (total)
* Methyl ethyl ketone
* Tetrachloroethene
* Trichloroethene

Inorganics:

Potassium
Silver

* Sodium
Zinc

oW
NSNS NSNS
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~

9.3 - 68
500 - 730
200 - 430

4.6

14

10.6

5.1
750 - 16,000
5.8 - 105
0.4 - 0.6
100 - 680
3.8 - 17
1.6 - 7.1
300 - 3,000
1.7 - 7.6
2.6 - 9.2
270 - 930
0.3 - 0.8

2 - 150
6.3 - 35

15

ND (2,400)
ND (495)
ND (7.5)
ND (15)

ND (7.5)
ND (7.5)

(a) The number of locations at which the chemical was detected divided by the total number of locations sampled.

(b) Samples:
{c) Sample:

sb1 - sD3, sD5 - sD7.
SD4.

*
ND

Chemical of potential concern.
Not detected.
detection limits.

Detection limits given in parentheses.
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‘ TABLE 7-6 :

SUMMARY OF CHEMICALS OF POTENTIAL CONCERN FOR THE ARROWHEAD PLATING SITE

Surface Soil i

........................................

Drum Acid Solvent Drain Sub- - o
Storage Tank Tank Lines Stained Surface Ground Surface
Chemical Areas  Area Area  Area Area Soit - Water Water Sediment
Organics: i
-------- i
Acetone X X X X X X
Benzoic acid : X
Bis(2-ethylhexyl)phthalate X X X X X
Carbon tetrachloride X X .
4-Chloroaniline X %
Chloroform X .
1,1-Dichtoroethane X .
1.1-Dichloroethene X )
1,2-Dichloroethene (total) X X X X
Di-n-butyiphthalate X
Methyl ethyl ketone X X X X
Methylene chloride X X X
Phenanthrene X
Tetrachloroethene X X X X X X X
Toluene X
1,1,1-Trichloroethane X X X )
Trichloroethene X X X X
Xylenes (total) X _
Inorganics: - !
Aluminum X X X X X X X
Barium X X X X X X :
Cadmium X X ) .
Calcium X X X X X X X X
Chromium X X X X X X .
Copper X X X X X X X
Cyanide X X X X X
Iron X X X
Lead X X X X X X
Mercury (inorganic) X X X X .
Nickel X X X X X X . X
Potassium X X X X X X X
Silver X X X
Sodium X X X X X X X X
Zinc X X X X . X

X = Selected as a chemical of potential concern in this medium.
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* A point of potential contact with the contaminated medium; and
* An exposure route (e.g., ingestion) at the contact point.

A pathway is considered complete only if all these elements are present. Only complete
pathways are evaluated in risk assessments. The first two elements of a complete exposure pathway
have been discussed in previous sections of this report. In this section, information regarding the
sources and fate and transport of chemicals at the Arrowhead Plating site is combined with
information on population locations, activity patterns, and land use to define exposure pathways.
Potential exposure pathways under both current and hypothetical future use of the site and
surrounding area are discussed below and then the pathways selected for evaluation are summarized.

7.3.1.1 Potential Exposure Pathways Under Current Land-Use Conditions

The Arrowhead Plating site is a currently operating facility located in a rural area in eastern
Virginia. Properties neighboring the facility include a truck repair garage and lumber yard to the
north, Chandler’s Chevrolet dealership to the south, and agricultural land to the east and west. The
closest town is Montross, located approximately 2 miles northwest of the site, with a population of
approximately 500. Montross is characterized as a rural agricultural town with a small industrial base.
Land use within a mile of the site is predominantly farmland or undeveloped open fields and
woodlands.

The primary human receptor populations of concern are the employees of A.R. Winarick
Company and Mattatuck Manufacturing Company who work in the manufacturing building on site.
No residents live on land adjacent to the site and given that the closest residential development is
a mile away, trespassing is not likely to be common. Further, no public or private recreation areas
exist in the immediate vicinity. Potential exposure pathways for these worker populations are
discussed below for each medium for which chemicals of potential concern were selected.

Soil. Surface Soil. Workers at the site could be exposed to chemicals in surface soil by direct
contact with chemicals in surface soil, and by inhalation of chemicals volatilizing from soil or sorbed
to airborne soil particulates.

However, direct contact exposures are likely to be negligible given that the employees work
almost exclusively inside the manufacturing building and that typical outside activities (e.g., unloading
supplies, trips to and from parked vehicles) are of brief duration and do not involve extensive contact.
Therefore, direct contact with surface soils under current land-use conditions will not be evaluated
in this assessment.

Volatilization of chemicals in surface soil could result in potential worker exposures via
inhalation. Because volatile chemicals could be transported indoors where workers spend most of
their time, exposures of relatively long duration (8 hr/day) are possible. Therefore, this exposure
pathway will be evaluated quantitatively.

Generation of airborne particulates containing chemicals from surface soil also could result
in potential worker exposures via inhalation. However, the surface soil areas are for the most part

n{R%srgroi»vilfeg)dsRI
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either vegetated? or compacted and covered with gravel, and dust entrainment from such areas is
not likely to be as significant an exposure pathway as volatilization of chemxcals from surface soil.
Therefore, this exposure pathway will not be evaluated. o .

Subsurface Soil. Direct contact with chemicals in subsurface soil could occur if deeper soils
were excavated or graded as part of some construction activity at the facility. However, such
exposures would be of very short duration and consequently are unlikely to result in s1gn1ﬁcant
exposures. Therefore, direct contact with chemicals in subsurface soils will not be evaluated in this
assessment. pm i

Ground Water. Ground water is not currently used at the site for drmkmg water However,
ground water is the source of drinking water for all residents in the area. However, all private water
supply wells identified within a three mile radius of the site are upgradient or crossgradient, and
therefore would not be impacted by the site. Neither ground water nor surface water are used for
irrigation in the vicinity of the site. Under the current land use conditions, a point of contact does
not exist for the groundwater pathway. Therefore exposure to chemicals in ground water will not be
assessed under current land use conditions. . 3 ,

Surface Water and Sediment. It is unlikely that individuals will be exposed to chemicals in
the surface water (or volatilization of VOCs from the water) due to the isolation of the site from
residential areas. The individuals most likely to be exposed to chemicals in surface water at the site
are children who may wade or otherwise play in the water. The area is not very accessrble to
children, as there are no residences, playgrounds, schools, or other such areas nearby. Therefore
exposure to chemicals in surface water under current land use conditions will not be quantiﬁed.

Ingestion of fish in Scates Branch that have accumulated chemicals present in surface water
is not likely because given the extremely shallow nature of Scates Branch (e.g., about 3—4 in. deep?)
it is unlikely to support sport fish populations. Sport fish populatron.. could exist in Weavers
Millpond. However, none of the chemicals detected in or near Weavers Millpond (at ST6 and ST7)
are likely to accumulate appreciably in fish given their low concentrations (e.g., generally <1 mg/L)
and their low potential for significant bioaccumulation in fish (bioconcentration factors range from
1 [copper, EPA 1985a] to 136 [aluminum, EPA 1988a]). Also, Weavers Mlllpond is not easily
accessible to the public since the only road leading to the mlllpond which is located on private
property, has a gate which is usually locked. Therefore, exposures via ingestion of fish caught from
Weavers Millpond are likely to be negligible and will not be evaluated in this assessment.

7.3.1.2 Potential Exposure Pathways Under Future Land-Use Conditions

It is possible that in the future, the Arrowhead Plating site could be sold and redeveloped as
a residential area, potentially resulting in residential exposures to chemicals in soil, ground water,
surface water, and sediment. Although residential development of the site is probably not likely, it
will be evaluated in this assessment to provide an upper-bound estimate of potential risks associated
with alternate future use of the site. Potential exposure pathways for future res1dents under this
scenario are discussed below. R i

|
:

*The waste water and sludge storage ponds have recently been reseeded and will be mamtamed w1th a permanent
vegetative cover.

3Observed during ICF site visit on Apnl 4,.1990.

head RI
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Soil. Future residents located at the current site could be exposed to chemicals in surface soil
via direct contact with subsequent dermal absorption and incidental ingestion or via inhalation of
chemicals that have volatilized from surface soil and therefore, these exposure pathways will be
quantitatively evaluated in this assessment. Inhalation exposures to chemicals or wind-blown dust are
not considered likely because the site is likely to remain vegetated (e.g., for lawns) or paved (e.g., for
driveways) if it is developed in the future for residential use.

Ground Water. It is possible that future residents of the site could use groundwater from the
site as a source of drinking water and could be exposed to chemicals in ground water via ingestion.
This pathway will be evaluated quantitatively.

Individuals using ground water for tap water also could be exposed to chemicals via dermal
absorption or via inhalation of chemicals that volatilize during use. Exposures via these pathways
could be equal to those from ingestion of ground water, and therefore a qualitative evaluation of risks
to future residents exposed via dermal absorption and inhalation of chemicals that volatilize from tap
water will be included.

Surface Water. Scates Branch, the nearest surface water body, is too shallow for individuals
to swim in and does not support sport fish populations, and therefore adults and teens from future
residences are not likely to engage in activities which would result in exposure to chemicals in surface
water. However, younger children (who could reside on the Arrowhead Plating Site under future
land-use conditions), could wade in Scates Branch while playing. These children could potentially be
exposed to chemicals in surface water by dermal contact (incidental ingestion would be negligible
while wading) and therefore dermal contact with chemicals in surface water will be evaluated
quantitatively in this assessment.

Sediment. Children also may be exposed to chemicals in sediments by dermal contact and
incidental ingestion. Dermal contact with chemicals in sediment will also be evaluated quantitatively.

7.3.1.3 Summary of Exposure Pathways Selected for Evaluation

Table 7-7 summarizes the exposure pathways selected for quantitative or qualitative evaluation
in this assessment.

7.3.2 Quantification of Exposure

In this section, exposures are estimated for all pathways selected for quantitative evaluation.
To quantitatively assess exposures, the chronic or subchronic* daily intake of the chemicals of
potential concern in each medium is estimated. Chronic daily intakes (CDIs) and subchronic daily
intakes (SDIs) are expressed as the amount of a substance taken into the body per unit body weight
per unit time, or mg/kg-day. CDIs and SDIs are averaged over a lifetime for carcinogens and over
the exposure period for noncarcinogens. CDIs and SDIs are estimated using chemical exposure point
concentrations together with other parameters that describe the frequency, duration, and magnitude
of exposure.

“According to.EPA (1989a) guidance, chronic exposures are defined as exposures of 7 yr or more in duration, and
subchronic exposures are defined as exposures between 2 wk and 7 yr.

7 ARSTRLERo1
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" TABLE 7-7
EXPOSURE PATHWAYS SELECTED FOR EVALUATION AT THE ARROWHEAD PLATING SITE

. Tyﬁe of

Exposure Potentially
Medium Exposed Population Exposure Route Evaluation
Current Land Use
Air Workers Inhalation of chemicals that volatilize Quantitative
from soil into ambient air. :
Future Land Use
Air Residents Inhalation of chemicals that volat1lize Quantftative
from soil into ambient air. ) '
Soil Residents Incidental ingestion of chemicals in soil. Quantitative
Residents Dermal contact with chemicals in soil. Quantitative
Ground Water Residents Ingestion of chemicals in ground water. Quantitative
Residents Dermal contact with chemicals in ground Qualitative
water during in-house use.
Residents Inhalation of chemicals in ground water qualitative
during in-house use. i
Surface Water Residents (children) Dermal contact with chemicals in surface _Quantﬁtative
water while wading. )
Sediment Residents (children) Dermal contact with chemicals in sediment Guantitative

while wading.
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Based on recent EPA guidance on risk assessment (EPA 1989a), CDIs or SDIs are quantified
by estimating the reasonable maximum exposure (RME) associated with the pathway of concern. The

RME is intended to represent a possible upper-bound exposure to a typical individual and is

combined with upper-bound toxicity criteria to estimate risks. The RME for a given pathway is
derived by combining the upper 95% confidence limit of the arithmetic mean exposure point
. concentration (or the maximum detected value, if lower) for each chemical with reasonable maximum
values describing the extent, frequency, and duration of exposure (EPA 1989b). A statistical
procedure developed by Land (1971, 1975) was used to calculate the upper 95% confidence interval
of the arithmetic mean for chemicals detected in media at the Arrowhead Plating site.

The methodologies used to estimate CDIs or SDIs are presented below by medium.
Exposure point concentrations are first presented and then are combined with the other exposure
parameters to estimate intake for each exposure pathway.

7.3.2.1 Worker Inhalation Exposures to Chemicals That Have Volatilized From Surface Soil

Potential worker exposures via inhalation of chemicals that have volatilized from surface soil
are estimated in this section. RME air concentrations for the current worker inhalation exposure
pathway were calculated using RME surface soil concentrations. The surface soil concentrations for
each area are presented in Table 7-8.

These RME surface soil concentrations were then used to calculate RME concentrations of
volatile and semi-volatile organic chemicals in indoor air for the worker exposure scenario by
assuming that organic chemicals from the five contaminated soil areas sampled at the site volatilize
from the contaminated soil and enter the manufacturing building through the ventilation system,
windows, and doors. A complete description of the model used in this assessment is presented in

Appendix H. Estimated chemical concentrations in indoor air for the worker scenario are presented
in Table 7-9.

Inhalation exposures to chemicals in ambient air are estimated for workers inside the existing
manufacturing building. Exposure parameters for the worker population are presented in Table 7-10
and discussed below. Absorption of the inhaled chemical is assumed to be equal to that which
occurred in the toxicity studies on which the RfD or cancer potency factor for that chemical is based.

Workers are assumed to breathe at a rate of 2.1 m>/hr, which is the inhalation rate reported
by EPA (1989b) for males and females engaged in moderate physical activity. Workers are assumed
to be exposed to airborne chemicals in the building 8 hours per day, 5 days per week, 50 weeks per
year. This corresponds to a typical 40 hour work week with two weeks of vacation and holidays. This
results in a total of 250 days of exposure per year. It is assumed that the workers weigh 70 kg and
are exposed for 30 years.

Using these assumptions, CDI estimates are calculated using the following equation:

_ (CQAR)ED)EF)(YE)
BW)DY)(YL)

CDI

Arrowhead RI
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16-Apr-91 ARROWHEAD SURFSOIL

TABLE 7-8

SURFACE SOIL EXPOSURE POINT CONCENTRATIONS FOR ARROWHEAD PLATING SITE
(Concentrations reported as mg/kg)

Exposure Point Concentration (a)

Acid Tank Drain Lines Drum Solvent
Chemical Area Area Stained Area Storage Areas Tank Area
Organics:
Acetone 0.098 .- -- 0.027 CL 3.200
Bis(2-ethylhexyl)phthalate 0.2 -- 1.200 0.24 CL -
Carbon tetrachloride -- -- -- 0.004 CL -~
1,2-Dichloroethene (total) -- -- 0.580 -- --
Di-n-butylphthalate -- -- -- 0.340 CL --
Methyl ethyl ketone 0.016 -- -- 0.011 CL --
Methylene chloride -- -- -- 0.0034 CL --
Phenanthrene -- -- -- -- 0.140
Tetrachloroethene -- - 0.150 0.062 CL 3.300
1,1,1-Trichloroethane -- -- -- 0.014 CL 0.020
Trichloroethene -- -- -- 0.013 €L ‘ --
Inorganics: f
Atuminum 14,600 10,700 .- 8,100 CL 8,500
Barium 67.5 34.6 -- 50 CL 137
Cadmiun. -- - -- - ! 1
Caleium 1,900 300 -- 19,300 4,200
Chromium 19 12.5 -- 11 CL 13 CcL
Copper 36.8 5.1 -- 181 7,800
Cyanide 0.7 -- -- 8.7 --
Lead 10.4 8.2 -- 9 18.6
Mercury 0.2 0.1 -- -- 6.4
Nickel 9.5 5.6 -- " 5.7CL 14.6
Potassium 524 400 .- 820 CL 310 cL
Siltver -- -- -- 0.3 CL 0.5
Sodium 94.5 43.6 -- 339 138
Zinc 51.3 14.9 -- 61 cL 862

(a) Each concentration listed is the lower value of the upper 95th percent confidence Limit (CL) on the
arithmetic mean concentration and the maximum detected concentration.

except where noted by "CL".

= Not selected as a chemical of potential concern in this area.

7-20
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TABLE 7-9
ESTIMATED INDOOR AIR EXPOSURE POl
CONCENTRATIONS FOR WORKERS
AT THE ARROWHEAD PLATING SITE

(Concentrations in ug/m3)

NT

. Exposure Point

Chemical Concentration (a)
Acetone 6.32E-01
Bis(2-ethylhexyl)phthalate 4,.71E-01
Carbon tetrachloride 1.02E-03
Di-n-butylphthalate 8.69E-02
trans-1,2-Dichloroethene 1.76E-01
Methyl ethyl ketone 6.47E-03
Methylene chloride 8.69E-04
Phenanthrene 2.64E-02
Tetrachloroethene 6.83E-01
1,1,1-Trichloroethane 7.35E-03
Trichloroethene 3.32e-03

(a) Estimated based on surface soil concentrations

using a soil volatilization model.
Appendix A for methodology.

7-21

See

Arrowhead RI

AR30 l-l‘wéyil’ 11




27-Mar-91 ARROWHEAD MANUFAC

TABLE 7-10

EXPOSURE PARAMETERS USED TO ESTIMATE o
INHALATION EXPOSURES FOR WORKERS INSIDE T
THE MANUFACTURING BUILDING
AT THE ARROWHEAD PLATING SITE

Parameter Value ¢
, g’
Inhalation Rate 2.1 m3/hour (a) ZA
Exposure Duration 8 hours/day (b) ) s
Exposure Frequency 250 days/year (c} ?
Years of Exposure 30 years (b) 'J#%' ) ?
Average Body Weight Qver 70 kg (b) i

Exposure Period : i

(a) Based on EPA (198%b).
(b) Based on EPA (1989a).
(c) Assumes workers work 5 days/week, 50 weeks/year.

i
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where

CDI = chronic daily intake (mg/kg-day);

C, = exposure point concentration in air (mg/ms) presented previously in Table 7-9;
IR = inhalation rate (m3ﬁlr);

ED = exposure duration (hrs/day);

EF = exposure frequency (days/yr);

YE = years of exposure;

BW = average body weight over period of exposure (kg);
DY = days in a year; and

YL = period over which risk is being estimated, i.e., a lifetime (70 yr) for potential
carcinogens and the period of exposure for noncarcinogens (30 yr).

Based on the assumptions and procedures outlined above, the estimated inhalation CDIs for
workers in the on-site building were calculated and are presented in Table 7-11.

7.3.2.2 Ingestion of Ground Water by Future Residents

The exposure point concentrations for the groundwater ingestion pathway are presented in
Table 7-12. .

To evaluate residential drinking water exposure, it was assumed that residents between the
ages of 1 to 30 years old ingest ground water from the site.” Individuals within this age range were
used to evaluate exposures instead of evaluating exposures in adults only because assuming the lower
average body weight of this age group (48 kg based on EPA 1989b) results in higher estimates of
exposure than would be calculated using the average adult body weight (70 kg). Future residents are
assumed to drink 1.9 L of water each day (the weighted average water ingestion rate for 1- to 30-
year-olds based on EPA 1989b) for 30 years (EPA 1989a). In addition, residents are assumed to live
for 70 years (EPA 1989a).

Residential drinking water exposures are calculated using these assumptions and the following
equation:

_ (CIRERHED)D)
ONEW)YL)

CDI1

530 yr is the average lenth of time an indivudal occupies a residence (EPA 1989a).

Arrowhead RI
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TABLE 7-11

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES

FOR ONSITE WORKERS EXPOSED VIA INHALATION

OF CHEMICALS THAT HAVE VOLATILIZED FROM SOILS
AT THE ARROWHEAD PLATING SITE (a)

Exposure Point
Concentration

Estimated
Chronic Daily
Intake (CDI)

Chemical (ug/m3) {mg/kg-day)
Chemicals Exhibiting

Carcinogenic Effects

Carbon tetrachloride 1.02E-03 7.19€-08
Methylene chloride 8.69E-04 6.12E-08
Tetrachloroethene 6.83E-01 4.81E-05
Trichloroethene 3.32E-03 2.34E-07
Chemicals Exhibiting

Noncarcinogenic £ffects

Methyl ethyl ketone 6.47E-03 1.06E-06
Methylene chloride 8.69E-04 1.43E-07
1,1,1-Trichloroethane 7.35€-03 1.21E-06

(a) CDIs are presented only for chemicals with inhalation toxicity
criteria. Chemicals of concern which are not presented due to

i acetone, bis(2-ethylhexyl)

phthalate, di-n-butylphthalate, trans-1,2-dichioroethene, and

lack of toxicity criteria are:

phenanthrene,

7-24
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TABLE 7-12

GROUND WATER EXPOSURE POINT CONCENTRATIONS
FOR THE ARROWHEAD PLATING SITE

{Concentrations in ug/L)

Exposure Point

Chemical Concentration {(a)

Organics:
Acetone 782.5
Chloroform 7.5 ¢cL
1,1-Dichloroethane 34 CL
1,1-Dichloroethene 6,225
1,2-Dichloroethene (total) 4,400
Methylene chloride 180
Tetrachloroethene 16,400
1,1,1-Trichloroethane 90,500
Trichloroethene 4,450

Inorganics:
Aluminum 54,900
Barium 130 CL
Cadmium 3.7 CL
Calcium 39,000 CL
Chromium 72 CL
Copper 2,900 CL
Cyanide 21 CL
Iron 100,000 CL
Lead 36 CL
Mercury 8.1 CL
Nickel 77 €L
Potassium , 9,100 CL
Silver 0.6 CL
Sodium 250,500 CL
2inc 510 CL

(a) Each concentration listed is the lower of the
upper 95th percent confidence limit (CL) on the
arithmetic mean and the maximum detected value.
Maximum detected values are lower except where
noted “CLY,

Arrowhead RI
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where

chronic daily intake (mg/kg-day);

CDI = |

C, = exposure point concentration in ground water (pg/L), presented pi‘eviously in
Table 7-12; ’

IR = ingestion rate (L/day); [

EF = exposure frequency (days/yr); ’

ED = exposure duration (years);

Z = conversion factor (mg/1,000 pg);

DY = days in a year;

BW = body weight over the period of exposure (kg); and

YL = period over which risk is being estimated i.e., a lifetime (7€ yr) for potential carcino-
gens and the period of exposure (30 yr) for noncarcinogens.

Exposure assumptions are summarized in Table 7-13, and CDIs calculated using these
exposure assumptions are presented in Table 7-14.

P

7.3.23 Residential Inhalation Exposure to Chemicals That Have Volatilized From Surface Soil

In evaluating the potential inhalation risks to future residents, two models were used to obtain
estimates of indoor air concentrations. These models are presented in greater detail in Appendix H.
One model assumed that a single-story residence with a concrete slab base is constructed directly over
each of the contaminated areas without significantly disturbing the surface soil. In this case the
predominant migration pathway into the indoor air was assumed to be passive diffusion through the
concrete floor.

The second model assumed that a residence is built on site in a location not directly over any
of the contaminated areas, and that chemicals are emitted into the air from each of the contaminated
areas and dispersed through the air to the location of the residence. The air concentration inside the
residence was conservatively assumed to be equal to that of the outdoor air.

The residential air concentrations calculated using the first model were higher than those
calculated using the second model; therefore, the air concentrations in future residences at each
contaminated area will be used to conservatively evaluate the potential risks to future residents from
inhalation. The air concentrations for each contaminated area are presernted in Table 7-15.

Residents are conservatively assumed to spend 24 hr/day at their home, 365 days/yr. They are
assumed to breathe at a rate of 18 m3/day, which is the weighted average for 1- to 30-year-olds
calculated based on data presented by NCRP (1984) and EPA (1985b). It is further assumed that
inhaled chemicals are retained in the lung and absorbed into the bloodstream to the same extent as
in the toxicity studies on which the RfD or cancer potency factor is based. An average body weight

. owhead RI
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27-Mar-91 ARROWHEAD RESGRND

TABLE 7-13

EXPOSURE PARAMETERS USED TO ESTIMATE EXPOSURES
FOR FUTURE RESIDENTS INGESTING GROUND WATER
AT THE ARROWHEAD PLATING SITE

Parameter Value
Ingestion Rate 1.9 l/day (a)
Exposure Frequency 365 days/year (b)
Years of Exposure 30 years (b)
Average Body Weight Over 48 kg (c)

Exposure Period

(a) Weighted average based on EPA (1989b). Assumes
that children age 1-3 years (up to 10 kg) ingest
1 l/day, and individuals over 10 kg ingest 2 l/day.

{b) Based on EPA (198%a).

(c) Based on EPA (1989b). Average for individuals
1-30 years of age.

*--~head RI
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TABLE 7-14

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES

FOR FUTURE [NGESTION OF GROUND WATER AT THE ARROWHEAD PLATING SITE (a)

Exposure Point

Estimated Chronic

Concentration Daily Intake (CDI)
Chemical (ug/l) (mg/kg-day)
Chemicals Exhibiting
Carcinogenic Effects
Chloroform 7.5 1.27e-04
1,1-Dichloroethene 6,225.0 1.06E-01
Methylene chloride 180.0 3.05£-03
Tetrachloroethene 16,400.0 2.78e-01
Trichloroethene 4,450.0 7.55E-02
Chemicals Exhibiting
Nencarcinogenic Effects
Acetone 782.5 3.10E-02
Barium 130.0 5.15€-03
Cadmium 3.7 1.46E-04
Chloroform 7.5 2.97E-04
Chromium (total) 72.0 2.85E-03
Copper 2,900.0 1.15e-01
Cyanide 21.0 8.31E-04
1,1-Dichloroethane 34.0 1.35-03
1,1-Dichloroethene 6,225.0 2.46E-01
1,2-Dichloroethene 4,400.0 1.74E-01
Mercury 0.1 3.96E-06
Methylene chloride 180.0 7.12E-03
Nickel 77.0 3.05E-03
Silver 0.6 2.37e-05
Tetrachloroethene 16,400.0 6.49E-01
1,1,1-Trichloroethane 90,500.0 3.58e+00
Trichloroethene 4,450.0 1.76E-01
Zinc 510.0 2.02e-02

(a) CDIs are presented only for chemicals with oral toxicity criteria.
Chemicals of concern which are not presented due to lack cf toxicity
criteria are: aluminum, calcium, iron, tead, potassium, and sodium.

g
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TABLE 7-15

ESTIMATED INDOOR AIR CONCENTRATIONS FOR FUTURE RESIDENTS
AT THE ARROWHEAD PLATING SITE
(Concentrations in ug/m3)

Exposure Point Concentration (a)

Solvent Tank  Stained Acid Tank Drum Storage

Chemical Area Area Area Areas
Acetone 1.26E-02 -- 3.85E-04 1.06E-04
Bis(2~ethylhexyl)phthalate -- 5.12E-09 8.54E-10 1.02E-09
Carbon tetrachloride -- -- -- 3.63E-04
trans-1,2-Dichlorcethene -- 1.03E-01 -- .-
Di-n-butylphthalate -- -- -- 3.28e-07
Methyl ethyl ketone -- -- 6.28E-05 4,32E-05
Methylene chloride -- -- -- 5.23E-04
Phenanthrene 5.06E-07 -- -- --
Tetrachloroethene 3.29E-01 1.50E-02 -- 6.18BE-03
1,1,1-Trichloroethane 5.29€-03 -- -- 3.71E-03
Trichloroethene -- -- -- 1.42E-03

(a) Estimated based on surface soil concentrations using a volatilization model. See
Appendix A for methodology.

-- = Not a chemical of concern in this area.

AR30ILEY
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TABLE 7-16 T

EXPOSURE PARAMETERS USED TO ESTIMATE INHALATION
EXPOSURES FOR FUTURE RESIDENTS
AT THE ARROWHEAD PLATING SITE

Parameter value

Inhalation Rate 18 m3/day (a) ;
Exposure Frequency 365 days/year (b}’ %
Years of Exposure 30 yeérs (b) 7 B i
Average Body Weight Over 48 kg (c) l

Exposure Period

(a) Weighted average for individuals 1-30 years of age
based on NRCP (1984) and EPA (1985b) data. :

(b) Based on EPA (1989%a). i

(c) Based on EPA (198%9b).

o KRIOILTOC ...
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of 48 kg was calculated based on a weighted average of 1- to 30-year-olds as presented in EPA
(1989b). Assuming that the 30-year exposure period occurs from 1 to 30 years (as opposed to 30 to
60 years or some other range) is conservative because the lower average body weight of 1- to 30-year-
olds results in higher estimates of exposure than would be calculated using an average body weight
(70 kg). The assumptions are summarized in Table 7-16.

Using these assumptions, CDI estimates are calculated using the following equation:

_ (CA)CHR)EF)(YE)
BW)DOY(YL)

CDI

where
CDI = chronic daily intake (mg/kg-day);

C, exposure point concentration in air ( ug/m3), presented previously in Table 7-15;

CF = conversion factor (10 mg/pg)

IR

inhalation rate (ms/day);

EF = exposure frequency (days/year);

YE = years of exposure;

BW = average body weight over period of exposure (kg);

DY = days in a year; and

YL = period over which risk is being estimated, i.e., a lifetime (70 yr) for potential
carcinogens and the period of exposure for noncarcinogens (30 yr).

Based on the assumptions and procedures outlined above, the estimated inhalation CDIs for
future residents were calculated and are presented in Table 7-17 through 7-20 for the four
contaminated soil areas.

7.3.2.4 Dermal Contact with Chemicals in Surface Soil by Future Residents

Future residents may be exposed to chemicals in surface soil by dermal contact while playing
outdoors as children, and while doing yard work or gardening as adults. Below, surface soil exposure
point concentrations (presented earlier in Table 7-8) are used to estimate residential exposures to
chemicals via dermal contact.

To determine the amount of time spent outdoors, climatological data were examined (NOAA
1978). The average number of days with temperatures below 32°F is approximately 86 days/yr. On
such days it is considerably less likely that individuals will engage in outdoor activities involving dermal
contact with soil since more clothing is worn during colder periods. For the remaining 279 days/yr
(40 weeks), it is assumed that individuals over 12 years of age engage in outdoor activities at their

. AR3GT% o1
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TABLE 7-17

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES FOR
FUTURE RESIDENTS EXPOSED VIA INHALATION AT THE DRUM STORAGE AREAS (a)

Estimated
Exposure Point Chronic Daily
Concentration Intake (CDI)
Chemical (ug/m3) (mg/kg-day)
Chemicals Exhibiting B i
Carcinogenic Effects 1
Carbon tetrachloride 3.63E-04 5.83E-08
Methylene chloride 5.23E-04 B.41E-08
Tetrachloroethene 6.18€-03 ‘ 9.93E-07
Trichloroethene 1.42E-03 2.28E-07
Chemicals Exhibiting ‘
Noncarcinogenic Effects ) !
Methyl ethyl ketone 4.32E-05 1.62E-08
Methylene chloride 5.23E-04 1.96E-07
1,1,1-Trichloroethane 3.71E-03 1.39€-06

(a) CDls are presented only for chemicals with inhalation toxicity
criteria. Chemicals of concern which are not presented due to
lack of toxicity criteria are: acetone,
bis(2-ethylhexyl)phthalate, and di-n-butyiphthalate.

i
i

i
)
}
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TABLE 7-18

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES
FOR FUTURE RESIDENTS EXPOSED VIA INHALATION AT THE ACID TANK AREA (a)

Estimated
Exposure Point Chronic Daily
Concentration Intake (CDI)
Chemical (ug/m3) (mg/kg-day)
Chemicals Exhibiting
Carcinogenic Effects
None
Chemicals Exhibiting
Noncarcinogenic Effects
Methyl ethyl ketone 6.28E-05 2.4E-08

(a) CDIs are presented only for chemicals with inhalation toxicity
criteria. Chemicals of concern which are not presented due to
tack of toxicity criteria are: acetone and
bis(2-ethylhexyl)phthalate.

Arrowhead RI
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TABLE 7-19

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES
FOR FUTURE RESIDENTS EXPOSED VIA INHALATION
AT THE SOLVENT TANK AREA (a)

Estimated
Exposure Point Chronic Daily
Concentration Intake (CDI)
Chemical (ug/m3) (mg/kg-day)
Chemicals Exhibiting
Carcinogenic Effects
Tetrachloroethene 3.29E-01 5.29€-05
Chemicals Exhibiting
Noncarcinogenic Effects
1,1,1-Trichloroethane 5.29E-03 1.98E-06

(a) CDIs are presented only for chemicals with inhalation toxicity
criteria. Chemicals of concern which are not presented due to
lack of toxicity criteria are: acetone and phenanthrene.

7-34
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TABLE 7-20

EXPOSURE POINT CONCENTRATIONS AND CHRONIC
FOR FUTURE RESIDENTS EXPOSED VIA INHALATION AT

DAILY INTAKES
THE STAINED AREA (a)

Exposure Point
Concentration

Estimated
Chronic Daily
Intake (CDI)

Chemical (ug/m3) (mg/kg-day)
Chemicals Exhibiting

Carcinogenic Effects

Tetrachloroethene 1.50E-02 2.41E-06

Chemicals Exhibiting
Noncarcinogenic Effects

(a) CDIs are presented only for chemicals with inhalation toxicity
criteria. Chemicals of concern which are not presented due to

lack of toxicity criteria are: acetone and
trans-1,2-dichloroethene.

7-35
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|
home 3 days per week, and that children up to 12 years of age play outdoors 5 days pér week. A
weighted average exposure frequency of 152 days/yr is calculated from this information. The duration

of exposure is 30 years, from 1 to 30 years of age (EPA 1989a). An average wexght of 48 kg (for
individuals 1 to 30 years of age) was assumed (EPA 1989D).

A soil contact rate of 2,320 mg/day was calculated based on the average surface area of 1,600
cm? for the hands and forearms of 1- to 30-year-olds (EPA 1989b) and a sail to skin adherence factor
of 1.45 mg soil/cm? (EPA 1989a) per day in which exposure occurs. Absorption of chemicals through
the skin and into the bloodstream varies depending on chemical properties such as solubility and
lipophilicity. It is assumed that 10% of VOC:s in contacted soil are absorbed through the skin. This
value is based on analogy to other chemicals and chemical-physical properties. It is assumed that 3%
of bis(2-ethylhexyl) phthalate in contacted soil is absorbed through the skin based on analogy to
polychlorinated dibenzo-p-dioxins and -furans (PCDDs/PCDFs) (Poiger and Schlatter 1980) (based
on studies by Skog and Wahlberg 1964, Wahlberg 1968, and Lang and Kunze 1948). Cyanide, in
solution as hydrogen cyanide, is known to be absorbed through the skin. 8ince no absorption factor
is available for cyanide, it is conservatively assumed that all of the cyanide in contacted soil is
absorbed. The exposure assumptions are summarized in Table 7-21.

A chronic daily intake is calculated by the following equation:

CDI = (CH(CPH)(SCYABS)(EF)(ED)
BW)DY)(YL) )
where |
CDI = chronic daily intake (mg/kg-day);
C, = chemical concentration in surface soil (mg/kg), presented previously in €I‘able 6-8;
CF = conversion Ifactor (106 kg/mg);
SC = soil contact rate (mg/day);

ABS = absorption factor (percent, unitless);
EF . = exposure frequency (days/year);
ED = exposure duration (years);

BW = body weight (kg);

DY = days in a year

YL = period over which risk is being estimated (a lifetime [70 years] for potential
carcinogens and the period of exposure for noncarcinogens [30 years]).

736 : A R 3 é:my&ead RI
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TABLE 7-21

EXPOSURE PARAMETERS USED TO ESTIMATE DERMAL CONTACT
EXPOSURES FOR FUTURE RESIDENTS
AT THE ARROWHEAD PLATING SITE

Parameter Value
Soil Contact Rate 2,320 mg/day (a)
Absorption Factor
VOCs 0.1 (b)
Bis(2-ethylhexyl)phthalate 0.03 (c)
metals ) 0 (d)
cyanide 1.0 (e)
Exposure Frequency 152 days/year (f)
Years of Exposure 30 years (a)
Average Body Weight Over 48 kg (9)

Exposure Period

(a) Based on hands and forearms surface area of 1,600
cm2/day from EPA (1989b), and a soil to skin
adherence factor of 1.45 mg/cm2 (EPA 1989a).

(b) Assumed value based on analogy to other chemicals
and chemical-physical properties.

(c) Based on analogy to PCDDs/PCDFs (Poiger and Schlatter
1980). .

(d) Based on Skog and Wahlberg 1964, Wahlberg 1968, and
Lang and Kunze 1948.

(e) Cyanide, in solution as hydrogen cyanide, is known
to be absorbed through the skin. Since no absorption
is available for cyanide, the absorption fraction is
conservatively assumed to be 100%.

(f) Based on NOAA (1978) data collected at Richmond, VA.
Assumes that residents spend time outdoors from March
through October (279 days, or 40 weeks), and that
children up to 12 years of age play outdoors 5 days/
week, and individuals over 12 years of age are outdoors
3 days/week.

(g) Based on EPA (1989b). Average for individuals 1-30
years of age.

737 AR30 ’f‘ﬁi’%*?a‘fg%%




27-Mar-91 -- Arrowhead-DDRUM

TABLE 7-22

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES
FOR DERMAL CONTACT WITH SOIL IN DRUM STORAGE AREAS BY
FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Exposure Point Estimated Chronic

. Concentration Daily Intake (CDI)
Chemical (mg/kg) (mg/kg-day) (b)
Chemicals Exhibiting
Carcinogenic Effects
Bis(2-ethylhexyl)phthalate 0.24 6.21E-08
Carbon tetrachloride 0.004 3.45E-09
Methylene chloride 0.0034 2.93E-09
Tetrachloroethene 0.062 5.35e-08
Trichloroethene 0.013 1.12E-08
Chemicals Exhibiting
Noncarcinogenic Effects
Acetone 0.0270 5.43€-08
Bis(2-ethylhexyl)phthalate 0.24 1.45E-07
Carbon tetrachloride 0.004 8.05E-09
Cyanide 8.7 1.75€-04
Di-n-butylphthalate 0.340 6.84E-07
Methyl ethyl ketone 0.011 2.21€-08
Methylene chloride 0.0034 6.84E-09
Tetrachloroethene 0.062 1.25E-07
1,1,1-Trichloroethane 0.014 2.82£-08
Trichloroethene 0.013 2.62E-08

(a) CDls are presented only for chemicals with toxicity criteria.
Chemicals of concern which are not presented due to lack of toxicity
criteria are: aluminum, calcium, lead, potassium, and sodium.

(b) No CDIs are presented for inorganic chemicals (except cyanide) because
dermal absorption of these chemicals is assumed to be zero.

AR30 PEZELS!
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TABLE 7-23

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES
FOR DERMAL CONTACT WITH ACID TANK AREA SOIL BY
FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Exposure Point Estimated Chronic
Concentration Daily Intake (CDI)
Chemical (mg/kg) (mg/kg-day) (b)
Chemicals Exhibiting
Carcinogenic Effects
Bis(2-ethylhexyl)phthalate 0.2 5.18€-08
Chemicals Exhibiting
Noncarcinogenic Effects
Acetone 0.098 1.97-07
Bis(2-ethylhexyl)phthalate 0.2 1.21E-07
Cyanide 0.7 1.41E-05.
Mercury 0.2 0.00E+00
Methyl ethyl ketone 0.016 3.22€-08

(a) CDIs are presented only for chemicals with toxicity criteria.
Chemicals of concern which are not presented due to lack of toxicity
criteria are: aluminum, calcium, potassium, and sodium.

(b) No ChIs are presented for inorganic chemicals (except cyanide) because
dermal absorption of these chemicals is assumed to be zero.
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TABLE 7-24

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES
FOR DERMAL CONTACT WITH SOLVENT TANK AREA SOIL BY
FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Exposure Point

Estimated Chrodic

) Concentration Daily Intake (CDI)
Chemical (mg/kg) (mg/kg-day) (b)
Chemicals Exhibiting |
Carcinogenic Effects
Tetrachloroethene 3.3 2.85E-06
Chemicals Exhibiting i
Noncarcinogenic Effects
Acetone 3.2 6.44E-06
Phenanthrene 0.14 | 2.82E-07
Tetrachloroethene 3.3 6.64E-06
1,1,1-Trichlorcethane 0.02 4.03E-08

(a) CDIs are presented only for chemicals with toxicity criteria.
Chemicals of concern which are not presented due to lack of toxicity

ot e BT S
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TABLE 7-25

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES
FOR DERMAL CONTACT WITH STAINED AREA SOIL
BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE

Exposure Point Estimated Chronic
Concentration Daily Intake (CDI)
Chemical (mg/kg) (mg/kg-day)
Chemicals Exhibiting
Carcinogenic Effects
Bis(2-ethylhexyl)phthalate 1.2 3.11E-07
Tetrachloroethene 0.15 1.29€-07
Chemicals Exhibiting
Noncarcinogenic Effects
Bis(2-ethylhexyl)phthalate 1.2 7.25-07
1,2-Dichloroethene 0.58 1.17€-06
Tetrachloroethene 0.15 3.02e-07
~
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Estimated chronic daily intakes are presented in Table 7-22 through 7-25 for four
contaminated soil areas: drum storage area, acid tank area, solvent tank area, and stained area.
Chronic daily intakes associated with dermal contact of soil from the drain lines ‘area are not
presented because only inorganic chemicals were detected, and it is assumed that inorganic chemicals
are not absorbed through the skin (absorption factor = 0) (Skog and Wahlberg 1964 Wahlberg
- 1968a,b; Lang and Kunze 1948). }

i
|

7.3.2.5 Incidental Ingestion of Chemicals in Surface Soil by Future Residenis

'i

Future residents also may be exposed to chemicals in surface soil by incidental ingestion. The
surface soil exposure point concentrations for incidental ingestion by future residents are those
presented in Table 7-8. Exposure frequency (152 days), exposure duration (30 years), and body
weight (48 kg) are the same as for the dermal contact pathway above. Individuals are assumed to
ingest 120 mg of soil per day. This value is the weighted average of the soil ingestion rate for
children ages 1 to 6 years (200 mg/kg) and the soil ingestion rate for individuals 7 to 30 years of age
(100 mg/kg) reported by EPA (1989a). All of the ingested soil is assumed to be contaminated.
Relative oral bioavailability factors were also applied to take into account the reduced bioavailability
of the chemicals of concern from a soil matrix. Factors for the inorganic chemicals (except cyanide)
were based on a study by Fraser and Lum (1983). Factors for mercury and silver are based on
analogy to those for inorganics most likely to behave similarly (i.e., mercury = cadmium and silver
= copper). A factor of 0.2 for cyanide was derived by Clement International Corporation (1990).
A relative oral bioavailability factor of 0.5 was estimated for bis(2-ethylhexyl) phthalate based on
analogy to 2,3,7,8-TCDD, a chemical which has been extensively studied by Poiger and Schlatter
(1980), McConnell et al. (1989), Lucier et al. (1986), Wendling et al. (1989), and van den Berg et al.
(1986, 1987). Since no relative oral bioavailability factors were available for the other organic
chemicals of potential concern, it was conservatively assumed that all of these other organic chemicals
in ingested soil are 100% bioavailable. These exposure assumptions are summarized in Table 7-26.
Using these assumptions, CDI estimates for incidental ingestion of chemicals in surface soil were
calculated using the equation below: '

CDI = (CYAR)(CF)(BA)(EF)(ED)
BW)(DY)(YL) |
where |
CDI = chronic daily intake (mg/kg-day);
C, = chemical concentration in surface soil (mg/kg), presented previously in 'jI‘able 7-8;
BA = relative oral bioavailability factor (fraction; unitless); |
IR = ingestion rate (mg soil/day);

CF = conversion factor (1 kg/lO6 mg)

EF = exposure frequency (days/year);

3 0 1 k&ghead RI
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TABLE 7-26

EXPOSURE PARAMETERS USED TO ESTIMATE SOIL INGESTION

EXPOSURES FOR FUTURE RESIDENTS
AT THE ARROWHEAD PLATING SITE

Parameter Value
Ingestion Rate 120 mg/day (a)
Fraction of Ingested Soil Which 1 (a)

is from Contaminated Areas

Relative Oral Bioavailability (b)

Inorganic Chemicals:

Barium 0.29

Cadmium 0.11

Chromium 0.003

Copper 0.1

Cyanide 0.2 (c)

Mercury 0.11 (d)

Nickel 0.048

Silver 0.11 (e)

2inc 0.1

organic Chemicals:

Bis(2-ethylhexyl)phthalate 0.5 (f)

All others 1.0 (9)
Frequency 152 days/year (h)
Years of Exposure 30 years (a)
Average Body Weight Over 48 kg (1)

Exposure Period

(a)
(b)
(c)
(d)
(e)
f)

(g)
Ch)

14D

Based on EPA (1989a).

From Fraser and Lum (1983) except where noted.

From Clement International Corporation (1990).

Based on cadmium.

Based on copper.

Estimated based on 2,3,7,8-TCDD (Poiger and Schlatter 1980,
McConnel et al. 1984, Lucier et al. 1986, Wendling

et al. 1989, and van den Berg et al. 1986, 1987).
Assumed value.

Based on NOAA (1978) data collected at Richmond, VA.
Assumes that residents spend time outdoors from March
through October (279 days, or 40 weeks), and that
children up to 12 years of age play outdoors 5 days/week,
and individuals over 12 years of age are outdoors

3 days/week.

Based on EPA (1989b). Average for individuals

1-30 years of age.

Arrowhead RI
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ED

exposure duration (years);

BW

average body weight over period of exposure (kg);
DY = days in a year; and

YL = period over which risk is bemg estimated, i.e., a lifetime (70 yr) for potentlal carcino-
gens and the period of exposure for noncarcinogens (30 yr).
Chronic daily intakes for the soil ingestion pathway are presented in Tables 7-27 through 7-31
for the five contaminated soil areas. . :

7.3.2.6 Dermal Contact with Chemicals in Surface Water by Wading Children

The surface water exposure point concentrations were estimated using all surface water
samples, assuming that there would be an equal probability of children playing at any location which
was sampled. The concentrations used to assess future surface water exposures are presented in
Table 7-32. 9

Children between the ages of 6 and 12 years are assumed to weight 31 kg (based on EPA
1989b) and to play in Scates Branch and the millpond for a total of 6 years. It is unlikely that
children will wade in streams during the winter months. Therefore, an annual exposure duration was
calculated based on the number of days that the average daily temperature is over 65°F. Based on
data from NOAA (1978), the average daily temperature exceeds 65°F for the 6 month period from
April through September, or approximately 180 days (25.7 weeks). During these months it was
assumed that children between the ages of 6 and 12 years of age wade in Scates Branch 3 days/week.
Since children are likely to play outdoors after school as well as on weekends or during summer
months, no differentiation was made for the months that children are attending school. This exposure
frequency results in a total of 77 days of exposure each year (3 days/week * 25.7 weeks/year).
Children are assumed to be exposed for 2 hours on the days they wade in Scates Branch and the
millpond. In estimating exposure via dermal contact with chemicals in surface water, the area of
exposed skin is assumed to be 3,600 cm?, which is the average area of the feet and legs of 6 to 12
year-old children (calculated from data in EPA 1989b). Chemical-specific permeability constants
could not be identified for the chemicals of potential concern in Scates Branch surface water.
Therefore, organic chemicals and cyanide are assumed to penetrate the skin at the rate of water
penetratlon as recommended by EPA (1989a). EPA (1989a) reports a permeability constant of
8x10 cm/hr for water based on data reported by Blank et al. (1984). Dermal absorption of metals
is assumed to be neghglble glven the relatively low permeabxhty of the skin to metal ions. Therefore,
dermal exposure to 1norgan1c chemicals was not evaluated in this assessment. Children are assumed
to weigh 31 kg, which is the average body weight for 6 to 12 year-old children (calculated from data
in EPA 1989b). These exposure assumptions are summarized in Table 7--32.

Using these assumptions, SDI estimates for dermal absorption of chemicals in surface water
were calculated using the equation below:

» RGBS
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TABLE 7-27

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES
FOR INCIDENTAL INGESTION OF SOIL IN DRUM STORAGE AREAS
BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Exposure Point Estimated Chronic

Concentration Daily Intake (CDI)
Chemical (mg/kg) (mg/kg-day)
Chemicals Exhibiting
Carcinogenic Effects
Bis(2-ethylhexyl)phthalate 0.24 5.35E-08
Carbon tetrachloride 0.004 1.78€-09
Methylene chloride 0.0034 1.52E-09
Tetrachloroethene 0.062 2.77e-08
Trichloroethene 0.013 5.80E-09
Chemicals Exhibiting
Noncarcinogenic Effects
Acetone 0.0270 2.81E-08
Barium 50.0 1.51€-05
Bis(2-ethylhexyl)phthalate 0.24 1.25€-07
Carbon tetrachloride 0.004 4 _16E-09
Chromium 1 3.44E-08
Copper 181.0 2.07€-05
Cyanide 8.7 1.81E-06
Di-n-butyiphthatate 0.340 3.54E-07
Methyl ethyl ketone 0.011 1.15€-08
Methylene chloride 0.0034 3.54E-09
Nickel 5.7 2.85€-07
Silver 0.3 3.44E-08
Tetrachtoroethene 0.062 6.45E-08
1,1,1-Trichlorocethane 0.014 1.46E-08
Trichloroethene 0.013 : 1.35€-08
Zine 61.0 6.35E-06

(a) CDIs are presented only for chemicals with oral toxicity criteria.
Chemicals of concern which are not presented due to lack of toxicity

Arrowhead RI
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EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES FOR INCIDENTAL

TABLE 7-28

INGESTION OF ACID TANK AREA SOIL BY FUTURE RESIDENTS

AT THE ARROWHEAD PLATING SITE (a)

i

Exposure Point

Estimated Chronic

i

Concentration Daily Intake (CDI)

Chemical (mg/kg) (mg/kg-day)
Chemicals Exhibiting ]
Carcinogenic Effects ;
Bis(2-ethylhexyl)phthalate 0.2 4.46E-08 ’
Chemicals Exhibiting i
Noncarcinogenic Effects o |
Acetone 0.098 1.02E-07
Barium 67.5 2.04E-~05
Bis(2-ethylhexy!)phthalate 0.2 1.04E-07
Chromium 19 5.93e-08
Copper 36.8 4,21E-06
Cyanide 0.7 1.46E-07
Mercury 0.2 2.29E-08
Methyl ethyl ketone 0.016 1.67€-08
Nickel 9.5 4 75E-07

Zinc 51.3 5.34E-06

(a) CDIs are presented only for chemicals with oral toxicity criteria.

Chemicals of concern which are not presented due to lack of toxicity

criteria are: aluminum, calcium, lead, potassium, and sodium.

-
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TABLE 7-29

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES
FOR INCIDENTAL INGESTION OF SOLVENT TANK AREA SOIL
BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Exposure Point Estimated Chronic
Concentration Daily Intake (CDI)

Chemical (mg/kg) (mg/kg-day)
Chemicals Exhibiting

Carcihogenic Effects

Tetrachloroethene 3.3 1.47E-06
Chemicals Exhibiting

Noncarcinogenic Effects

Acetone 3.2 3.33e-06
Barium 137.0 4.14E-05
Cadmium 1.0 1.15€-07
Chromium 13 4 _.06E-08
Copper 7800 8.93E-04
Mercury 6.4 7.33e-07
Nickel 14.6 7.30E-07
Phenanthrene 0.14 1.46E-07
Silver 0.5 5.73£-08
Tetrachloroethene 3.3 3.44E-06
1,1,1-Trichloroethane 0.02 2.08£-08

Zinc 862 8.97E-05

(a) CDIs are presented onty for chemicals with oral toxicity criteria.
Chemicals of concern which are not presented due to lack of
toxicity criteria are: aluminum, calcium, lead, potassium,
and sodium.
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TABLE 7-30

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES
FOR INCIDENTAL INGESTION OF DRAIN LINES AREA SOIL
BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Exposure Point Estimated Chronic

Concentration Daily Intake (CDI)
Chemical (mg/kg) (mg/kg-day)
Chemicals Exhibiting .
Carcinogenic Effects - i
None i
Chemicals Exhibiting )
Noncarcinogenic Effects
Barium 34.6 1.04E-05
Chromium 12.5 3.90E-08
Copper 5.1 5.84E-07
Mercury 0.1 1.15£-08
Nickel 5.6 2.80E-07
2inc 14.9 1.55E-06

(a) CDIs are presented only for chemicals with oral toxicity criteria.
Chemicals of concern which are not presented due to lack of
toxicity criteria are: aluminum, calcium, lead, potassium,

!
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TABLE 7-31

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY [NTAKES
FOR INCIDENTAL INGESTION OF STAINED AREA SOIL
BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE

Exposure Point

Estimated Chronic

. Concentration Daily Intake (CDI)
Chemical (mg/kg) (mg/kg-day)
Chemicals Exhibiting
Carcinogenic Effects
Bis(2-ethylhexyl)phthalate 1.2 2.68e-07
Tetrachlioroethene 0.15 6.69€-08
Chemicals Exhibiting
Noncarcinogenic Effects
Bis(2-ethylhexyl)phthalate 1.2 6.25-07
1,2-Dichloroethene 0.58 6.04E-07
Tetrachloroethene 0.15 1.56€E-07

7-49
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27-Mar-91 ARROWHEAD SURFH20

TABLE 7-32

SURFACE WATER EXPOSURE POINT CONCENTRATIONS
FOR THE ARROWHEAD PLATING SITE

(Concentrations in ug/L)

Exposure Point

Chemical Concentration (a)

Organics: i
Bis(2-ethylhexyl)phthalate ) 9.5 CL
1,2-Dichloroethene (total) 25
Tetrachloroethene 37.8
Trichloroethene 34

Inorganics:
Aluminum 2,395
Calcium 19,625
Copper 10.8
Cyanide 12 CL
Iron 5,100 CL
Potassium 7,700 CL
sodium 106,800

(a) Each concentration listed is the lower of the
upper 95th percent confidence limit (CL) on the
arithmetic mean and the maximum detected value.
Maximum detected values are tower expect where
noted "CL".

Arrowhead RI
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01-Apr-91 ARROWHEAD CHLDWADE

TABLE 7-33

EXPOSURE PARAMETERS USED TO ESTIMATE DERMAL CONTACT

EXPOSURES FOR CHILDREN WADING IN SURFACE WATER
AT THE ARROWHEAD PLATING SITE

Parameter Value
Surface Area Exposed 3,600 cm2 (a)
Dermal Permeability
Oorganic Chemicals 0.0008 cm/hr (b)
Inorganic Chemicals 0 cm/hr (c)
Exposure Duration ' 2 hours/day
Exposure Frequency 77 days/year (d)
Years of Exposure 6 years (e)
Average Body Weight Over 31 kg (f)

Exposure Period

(a)
(b)
(c)
(d)

(e)
f)

Based on EPA (1989b). Surface area of feet and legs
for 6-12 year old children.

Based on EPA (198%9a). Assumes that all organic
chemicals penetrate skin at same rate as water.
Dermal permeability of inorganic chemicals is assumed
to be negligible. :

Assumes that children 6-12 years wade in water

3 days/week during months when average daily tempera-
ture is over 650F (6 months: April - September).
Assumes children wade in stream from age 6 to age 12.
Based on EPA (198%a). Average body weight for
children 6-12 years old.

Arrowhead RI
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(CLPONSANET)EF)ED)Z)(Y)
BW)DY)(YL)

SDI =

where

SDI = subchronic daily intake (mg/kg-day);

C, = chemical concentration in water (pg/L), presented previously in Table 6-32;
PC = dermal permeability constant (cm/hr);
SA = skin surface area exposed (cmz); 5

ET = exposure time (hr/day);
EF = exposure frequency (days/year);
ED = exposure duration (years);
Y = conversion factor (1 mg/1,000 pg);
= conversion factor (1 L/1,000 cm?);
BW = average body weight over period of exposure (kg);
DY = days in a year; and
YL = period over which risk is being estimated, i.e, a lifetime (70 years) fior potential
carcinogens and the period of exposure for noncarcinogens (6 years).
These intake estimates are presented in Table 7-34.

7.3.2.7 Dermal Contact with Chemicals in Sediment by Wading Children

Sediment exposure point concentrations were calculated using the same methodology as
described for surface water. These concentrations are presented in Table 7-35.

The exposure frequency, duration, and average body weight discussed above for dermal contact
with surface water were used to estimate exposure to chemicals in sediment as well. However, it is
unlikely that the entire surface area of feet and legs will contact sediment. Therefore, the surface
area for feet only was calculated to be 714 cm? (EPA 1989b). Using a skin adherence factor of 1.45
mg/cm2 per day in which exposure occurs (the same as was used for contact with surface soil), a
sediment contact rate of 1,035 mg/day was calculated. Dermal permeability of chemicals in sediments
was assumed to equal that of the same chemicals in soils. Exposure parameters used in this pathway
are summarized in Table 7-36. A subchronic daily intake is calculated by the followmg equation:

= ARGOTH9ES
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TABLE 7-34

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES DUE
TO DERMAL CONTACT WITH SURFACE WATER BY WADING
CHILDREN AT THE ARROWHEAD SITE

Exposure Point Chronic Daily
Concentration Intake (CDI)
Chemical (ug/t) (mg/kg-day)
Chemicals Exhibiting
Carcinogenic Effects
Bis(2-ethylhexyl)phthalate 9.5 3.19E-08
Tetrachloroethene 37.8 1.27E-07
Trichloroethene 34.0 1.14E-07
Chemicals Exhibiting
Noncarcinogenic Effects
Bis(2-ethylhexyl)phthalate 9.5 3.72E-07
Cyanide 12.0 4.70E-07
1,2-Dichloroethene (total) 25.0 ©.80E-07
Tetrachloroethene 37.8 1.48E-06
7-53
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27-Mar-91 ARROWHEAD SEDIMENT

TABLE 7-35

SEDIMENT EXPOSURE POINT CONCENTRATIONS
FOR THE ARROWHEAD PLATING SITE

(Concentrations in mg/kg)

Exposure Point

Chemical Concentration (a)
Organics:
Acetone 0.068
Benzoic acid 0.73
Bis(2-ethylhexyl)phthalate 0.35 CL
1,2-Dichloroethene (total) 0.0042 CL
Methyl ethyl ketone 0.011 cL
Tetrachloroethene 0.008 CL
Trichloroethene 0.0044 CL
Inorganics:
Calcium 675
Nickel 9.2
Sodium 151

(a) Each concentration listed is the lower of the
upper 95th percent confidence Limit (CL) on the
arithmetic mean and the maximum detected value.
Maximum detected values are lower except where
noted “CL™.
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27-Mar-91 ARROWHEAD CHILDSED

TABLE 7-36

EXPOSURE PARAMETERS USED TO ESTIMATE DERMAL CONTACT
EXPOSURES FOR CHILDREN CONTACTING SEDIMENT
AT THE ARROWHEAD PLATING SITE

Parameter Value
Sediment Contact Rate 1,035 mg/cm2 (a)
Dermal Permeability
Organic chemicals 0.1 (b)
Metals 0
Bis(2-ethylhexy!)phthalate 0.03
Exposure Frequency 77 days/year (c)
Years of Exposure 6 years (d)
Average Body Weight Over 31 kg (e)

Exposure Period

(a) Based on feet surface area of 714 cm2 from EPA 198%
and an assumed sediment to skin adherence factor of
1.45 mg/cm2 (the same as soil, from EPA 198%9a).

(b) Dermal permeability of chemicals in sediment is
assumed to equal that of the same chemicals in soils.
See Table 6-21 for basis of values.

(c) Assumes that children 6-12 years wade in water
3 days/week during months when average daily tempera-
ture is over 650F (6 months: April - September).

(d) Assumes children wade in stream from age 6 to age 12.

(e) Based on EPA (1989a). Average body weight for
children 6-12 years old.
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(Cw)(CE)(SC)ABS)(EF)(ED)
(BW)DY)YL)

where A ) i

SDI =

SDI = subchronic daily intake (mg/kg-day);

i
i

Csq = chemical concentration in sediment (mg/kg), presented previously in T%ible 6-35;
CF = conversion factor (10" kg/mg);
SC = sediment contact rate (mg/day);

ABS = absorption factor (percent, unitless);
EF = exposure frequency (days/year);

ED = exposure duration (years);

BW = body weight (kg);

DY = days in a year; and

YL = period over which risk is being estimated (a lifetime [70 years] for potential
carcinogens and the period of exposure for noncarcinogens [6 years]).

The SDIs calculated for this pathway are presented in Table 7-37.

7.4 TOXICITY ASSESSMENT

The general methodology for the classification of health effects and the development of health
effects criteria is described in Section 7.4.1 to provide the analytical framework for the characteriza-
tion of human health impacts. In Section 7.4.2, the health effects criteria that will be used to derive
estimates of risk are presented and the toxicity of the chemicals of potential concern is briefly
discussed. ,

7.4.1 Health Effects Classification and Criteria Development

For risk assessment purposes, individual chemicals are separated into two categories of
chemical toxicity depending on whether they exhibit noncarcinogenic or carcinogenic effects. This
distinction relates to the currently held scientific opinion that the mechanism of action for each
category is different. For the purpose of assessing risks associated with potential carcinogens, EPA
has adopted the scientific position that a small number of molecular events can cause changes in a
single cell or a small number of cells that can lead to tumor formation. This is described as a no-
threshold mechanism, because there is essentially no level of exposure (ie., a threshold) to a
carcinogen which will not result in some finite possibility of causing the disease. In the case of
chemicals exhibiting noncarcinogenic effects however, it is believed that organisms have protective
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Parameters and strings found at V95

TABLE 7-37

EXPOSURE POINT CONCENTRATIONS AND SUBCHRONIC DAILY INTAKES DUE
TO DERMAL CONTACT WITH SEDIMENT BY WADING
CHILDREN AT THE ARROWHEAD PLATING SITE (a)

Exposure Point Estimated Subchronic
Concentration Daily Intake (SDI)

Chemical (ma/kg) (mg/kg-day) (b)
Chemicals Exhibiting
Carcinogenic Effects
Bis(2-ethylhexyl)phthalate 0.35 6.34E-09
Tetrachloroethene 0.008 4.83E-10
Trichloroethene 0.0044 2.66E-10
Chemicals Exhibiting
Noncarcinogenic Effects
Acetone 0.068 4,79E-08
Benzoic acid 0.73 5.14€-07
Bis(2-ethylhexy!)phthalate 0.35 7.40E-08
1,2-Dichloroethene 0.0042 2.96E-09
Methyl ethyl ketone 0.011 7.75E-09
Tetrachloroethene 0.008 5.64E-09

(a) CDIs are presented only for chemicals with toxicity criteria. Chemicals
of concern which are not presented due to lack of toxicity criteria are:
calcium and sodium.

Arrowhead RI
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mechanisms that must be overcome before the toxic endpoint is manifested. For example, if a large
number of cells perform the same or similar functions, it would be necessary for significant damage
or depletion of these cells to occur before an effect could be seen. This threshold view holds that
a range of exposures from just above zero to some finite value can be tolerated by the organism
without appreciable risk of causing the disease. :

7.4.1.1 Health Effects Criteria for Potential Carcinogens ;‘

Slope factors are developed by EPA’s Health Assessment Group (HAG) for potent:ally
carcinogenic chemicals and are expressed in units of (mg/kg- day) Slope factors are derived from
the results of human epidemiological studies or chronic animal bioassays. The animal studies usually
must be conducted using relatively high doses to detect possible adverse effects. Because humans are
expected to be exposed to doses lower than those used in the animal studies, the data are adjusted
by using mathematical models. The data from animal studies are typically fitted to the linearized
multistage model to obtain a dose-response curve. The 95th percentile upper confidence limit slope
of the dose-response curve is subjected to various adjustments and an interspecies scaling factor is
applied to derive the slope factor for humans. Thus, the actual risks associated with exposure to a
potential carcinogen quantitatively evaluated based on animal data are not likely to exceed the risks
estimated using these slope factors, but they may be much lower. Dose-response data derived from
human epidemiological studies are fitted to dose-time-response curves on a case-by-case basis. These
models provide rough, but plausible, estimates of the upper limits on lifetime risk. Slope factors
based on human epidemiological data are also derived using very conservative assumptions and, as
such, they too are unlikely to underestimate risks. Therefore, while the actual risks associated with
exposures to potential carcinogens are unlikely to be higher than the risks calculated using a slope
factor, they could be considerably lower.

EPA assigns weight-of-evidence classifications to potential carcinogens. Under this system,
chemicals are classified as either Group A, Group B1, Group B2, Group C, Group D, or Group E.
Group A chemicals (human carcinogens) are agents for which there is sufficient evidence to support
the causal association between exposure to the agents in humans and cancer. Groups B1 and B2
chemicals (probable human carcinogens) are agents for which there is limited (B1) or inadequate (B2)
evidence of carcinogenicity from human studies but for which there is sufficient evidence of
carcmogemcny from animal studies. Group C chemicals (possible human carcinogens) are agents for
which there is limited evidence of carcinogenicity in animals, and Group D chemicals (not classified
as to human carcinogenicity) are agents with inadequate human and animal evidence of carcinogenici-
ty or for which no data are available. Group E chemicals (evidence of non-carcinogenicity in
humans) are agents for which there is no evidence of carcinogenicity in adequate human or animal
studies.

7.4.1.2 Health Effects Criteria for Noncarcinogens

Health criteria for chemicals exhibiting noncarcinogenic effects are generally developed using
reference doses (RfDs) developed by the EPA RfD Work Group or RfDs obtained from EPA
Health Effects Assessments (HEAs). RfDs are usually derived either from human studies involving
work-place exposures or from animal studies and are adjusted using uncertainty factors. The RfD
is an estimate of the daily exposure to the human population (including sensitive subpopulations) that
is likely to be without an appreciable risk of deleterious effects during a lifetime. The RfD provides
a benchmark to which chemical intakes may be compared. EPA has developed chronic and
subchronic RfDs, both expressed in units of mg/kg-day. Chronic RfDs are specifically developed to
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be protective for long-term exposure to a compound; subchronic RfDs are protective for shorter-term
exposures. EPA (1989a) recommends that chronic RfDs be used to evaluate exposures of 7 years
to a lifetime in duration and subchronic RfDs be used to evaluate exposures of 2 weeks to 7 years
in duration. Chronic RfDs will be used in this assessment to evaluate potential noncarcinogenic
effects associated with groundwater ingestion, incidental soil ingestion, and inhalation exposures.
Subchronic RfDs will be used to evaluate potential noncarcinogenic effects associated with direct
contact exposures to chemicals in the surface water and sediment.

7.4.2 Health Effects Criteria for the Chemicals of Potential Concern

Tables 7-38 and 7-39 present chronic health effects criteria for oral and inhalation exposures,
respectively. Table 7-40 presents subchronic oral RfDs for some of the chemicals of potential
concern in surface water and sediment for which subchronic exposures are being evaluated.
Subchronic RfDs have not been developed for every chemical of concern in these media. In the

absence of a subchronic RED, potential noncarcinogenic health effects will be evaluated using the
chronic oral RfD.

No oral toxicity criteria are available for aluminum, calcium, iron, lead, potassium, and sodium.
However, calcium, iron, potassium, and sodium are essential human nutrients and are toxic only at
very high doses. Because of their low toxicity, it is unlikely that contact with these chemicals at the
site would result in adverse health effects. There are no toxicity criteria available for lead. Potential
risks associated with lead exposures will be evaluated separately in the risk characterization section.
No inhalation toxicity criteria are available for 1,2-dichloroethene, acetone, bis(2-ethylhexyl)
phthalate, di-n-butyl phthalate, and phenanthrene. Therefore, potential risks associated with exposure
to these chemicals via inhalation will not be quantitatively evaluated. A qualitative discussion of
potential risks associated with these chemicals will be included in the risk characterization section.
Toxicity summaries for these chemicals are included in the following sections.

The toxicological properties of the chemicals of poténtial concern and the toxicological basis
of the health effects criteria presented in Tables 7-38 through 7-40 are discussed in Appendix L

7.5 RISK CHARACTERIZATION

In this section, the human health risks potentially associated with the Arrowhead Plating site
are evaluated. Risks will be evaluated either quantitatively or qualitatively. To quantitatively assess
risks, the CDIs and SDIs calculated in Section 7.3.2.2 are combined with the health effects criteria
presented in Section 7.4.2.

For potential carcinogens, excess lifetime cancer risks are obtained by multiplying the CDI for
each chemical by its cancer slope factor. A risk level of 10 represents a probability of one in
1,000,000 that an individual could contract cancer due to exposure to the potential carcinogen. The
upper-bound lifetime excess cancer risks derived in this report can be compared to EPA’s risk range
for health protectiveness at Superfund sites. EPA recommends that the total cancer risk to
individuals resulting from exposure at a Superfund site be reduced to zero where possible. EPA has
. . . . . . 4 -5
implemented actions under Superfund associated with total cancer risks ranging from 10™ to 10™.

Potential risks for noncarcinogens are presented as the ratio of the CDI to the reference dose
(CDLRD) for each chemical. The sum of the ratios of all chemicals under consideration is called

AR30 | 4 99Arrowhead RI
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27-Mar-91 ARROWHEAD ORLCRTOX

TABLE 7-38
' CHRONIC ORAL TOXICITY VALUES FOR CHEMICALS OF POTENTIAL CONCERN
Chronic Reference USEPA Weight
Dose (mg/kg-day) Reference Cancer of Evidence Slope
[Uncertainty Dose Slope Factor Classification Factor
Chemical Factor]l (a) Target Organ (b) Source (mg/kg-day)-1 ‘ (c) Source
]
Organics )
Acetone 1E-01 [1000] Liver, kidney IRIS -- D --
Benzoic acid 4E+00 [1] Irritation IRIS -- : D IRIS
Bis(2-ethylhexyl)phthalate 2E-02 [1000] Liver IRIS 1.4E-02 ) B2 IRIS
Carbon tetrachloride 7E-04 [1000] Liver IRIS 1.3e-01 B2 IRIS
Chloroform 1E-02 [1000] Liver IRIS 6.1€-03 B2 IRIS
1,1-Dichloroethane 1E-01 [1000] Kidney HEAST (d) [ HEAST
1,1-Dichloroethene 9E-03 [10001] Liver IRIS 6E-01 c IRIS
1,2-Dichloroethene (total) 2E-02 [1000] Blood serum IRIS -- D --
Di-n-butylphthalate 1E-01 [1000] Mortality IRIS -- D IRIS
Methylene chloride 6E-02 [100] Liver IRIS 7.5e-03 B2 IRIS
Methyl ethyl ketone S5E-02 [1000]1 (f) Fetus IRIS -- D IRIS
Phenanthrene (e) 4E-03 [10000] Eye IRIS -- D IRIS
Tetrachloroethene 1E-02 [1000]1 Liver IRIS 5.1E-02 (9) B2 HEAST
1,1,1-Trichloroethane 9E-02 [10001] Liver IRIS -- D IRIS
Trichloroethene 7.35E-03 [1000] Liver HA 1.1E-02 B2 HEAST
Inorganics o i
Aluminum -- -- -- -- D --
Barium 7E-02 [3] Blood pressure IRIS -- D -~
Cadmium (food) 1E-03 110] Kidney IRIS -- B1 IRIS
(water) 5E-04 [10] Kidney IRIS .- B1 IRIS
Calcium .- -- .- -- D .-
Chromium (h) 5E-03 [500] Nervous system IRIS -- D --
Copper 3.7e-02 (1) Gl HEAST .- D IRIS
.‘yanide 2E-02 [5001 Thyroid IRIS - D IRIS
;on -- -- -- -- D --
read .- -- -- “- B2 IRIS
Mercury (inorganic) 3E-04 [10001 Kidney HEAST -- D IRIS
Nickel 2E-02 [300] Body weight IRIS -- D --
Potassium -- -- -- -- D --
Silver 3e-03 (2] Argyria (skin) IRIS -- D IRIS
Sodium -- -- -- -- D --
Zinc 2E-01 [10} Anemia HEAST -- D --

(a) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each factor representing a
specific area of uncertainty in the data available. The standard uncertainty factors include the following:
- A 10-fold factor to account for the variation in sensitivity among the members of the human population;

A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;

A 10-foldn§actor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic

NOAELs; a
- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs. :

(b) A target organ is the organ most sensitive to a chemical’s toxic effect. RfD’s are based on toxic effects in the target
organ. If an RfD was based on a study in which a target organ was not identified, an organ or system known to be affected by
the chemical is listed.

(c) EPA Weight of Evidence for Carcinogenic Effects: [Al = Human carcinogen based on adequate evidence from human
studies; [B2] = Probable human carcinogen based on inadequate evidence from human studies and adequate evidence from
animal studies; [C] = Possible human carcinogen based on limited evidence from animal studies in the absence of human
studies; [D] = Not classified as to human carcinogenicity; and [E] = Evidence of noncarcinogenicity.

(d) Withdrawn by EPA.

(e) Toxicity criteria for naphthalene are used in the absence of criteria for phenanthrene.

(f) Based on route to route extrapolation. Being reconsidered by the RfD workgroup.

(g) Under review by CRAVE workgroup.

(h) Tgxicity criteria reported is for chromium VI, as all chromium is conservatively assumed to be in the form of
chromium VI. .

(i) Drinking water standard reported in mg/l is converted to mg/kg-day by assuming a 70 kg adult consumes 2 liters
of water per day.

Environmental Protection Agency
No information available

NOTE: 1IRIS = Inteegrated Risk Information System - October 1, 1990
HEAST = Health Effects Assessment Summary Tables - July 1, 1990
HA = Drinking Water Health Advisory
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27-Mar-91 ARROWHEAD INHCRTOX

TABLE 7-39

CHRONIC INHALATION TOXICITY VALUES FOR CHEMICALS OF POTENTIAL CONCERN

s Chronic Reference

USEPA Weight

Dose (mg/kg-day) Reference Cancer of Evidence Slope
[Uncertainty Dose Target Slope Factor Classification Factor
Chemical Factor] (a) Source Oorgan (b) (mg/kg-day)-1 (c) Source
Organics
Acetone -- -- -- -- D --
Bis(2-ethylhexyl)phthalate -- -- -- -- B2 IR1S
Carbon tetrachloride -- -- -- 1.3E-01 B2 IRIS
1,2-Dichloroethene -- -- - -~ D --
Di-n-butylphthaiate -- -- -- -- D --
Methylene chloride 8.57E-01 [100] (d) HEAST Liver 1.6E-03 '(e) B2 IRIS
Methy! ethyl ketone 9E-02 [1000] HEAST CNS -- )] IRIS
Phenanthrene -- -- -- -- D --
Tetrachloroethene -- -- -- 1.8E-03 (f) B2 HEAST
1,1,1-Trichloroethane 3E-01 [1000) HEAST Liver -~ D --
Trichloroethene -- -- -- 1.76-02 (@) B2 HEAST
Inorganics
Aluminum -- -- -- -- D --
Barium 1E-04 [10003 HEAST Fetus -~ D --
Calcium -- -- -- -- D --
Copper -- -- -- -- D --
Cyanide -- -- -- -- D --
Lead -- -- -- -- B2 IRIS
Mercury (inorganic) 8.57E-05 {301 (d) HEAST Nervous system -- D .-
Sitver -- -- -- -- D --
Sodium -- -- -- -- D --
Zinc -- -- .- -- D --

(b)

(c)

(a) Uncertainty factors used to develop reference doses generally consist of multiples of

o

A 10-fold factor to

organ. If an RfD was

specific area of uncertainty in the data available.
A 10-fold factor to account for the variation in sensitivity among the members of the human population;

A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;

account for uncertainty in extrapolating from less than chronic NOAELs to chronic NOAELs; and
A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.
A target organ is the organ most sensitive to a chemical’s toxic effect.

affected by the chemical is listed.

animal studies;

EPA Weight of Evidence for Carcinogenic Effects:

10, with each factor representi
The standard uncertainty factors include the following:

RfDs are based on toxic effects in the target

based on a study in which a target organ was not identified, an organ or system known to be

[A] = Human carcinogen based on adequate evidence from human
studies; [B2] = Probable human carcinogen based on inadequate evidence from human studies and adequate evidence from

[C] = Possible human carcinogen based on limited evidence from animal studies in the absence of human

studies; [D] = Not classified as to human carcinogenicity; and [E] = Evidence of noncarcinogenicity.

()

Value reported in mg/m3 converted to mg/kg-day by assuming that a 70 kg adult inhales air at a rate of 20 m3/day.

(e) Reported as 4.7E-7 (ug/m3)-1; assuming a 70 kg individual inhales 20 m3/day, this is equivalent to 1.6E-3 (mg/kg/day)-1.
(f) Reported as 5.2E-7 (ug/m3)-1; assuming a 70 kg individual inhales 20 m3/day, this is equivalent to 1.8E-3 (mg/kg/day)-1.
(g) Based on a metabolized dose.
NOTE: IRIS = Integrated Risk Information System - October 1, 1990

HEAST = Health Effects Assessment Summary Tables - July 1, 1990

EPA = Environmental Protection Agency

No information available
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TABLE 7-40 B |
SUBCHRONIC ORAL TOXICITY VALUES FOR CHEMICALS OF CONCERN (a)

Chronic Reference

Dose (mg/kg/day) Reference
[Uncertainty Dose
Chemical Factor] (b) Target Organ (c) Source
Organics :
Acetone 1E+00 [100] Kidney HEAST
Benzoic acid 4E+00 [1] Irritation HEAST
Bis(2-ethythexyl)phthalate 2E-02 {10001 Liver HEAST
1,2-Dichloroethene (total) 2E-01 [100] (d) Blood serum HEAST
Methyl ethyl ketone 5e-01 [100] Fetus HEAST
Tetrachloroethene 1E-01 [100] Liver HEAST
Trichloroethene -- -- -
Inorganics
Altuminum -- -- --
Barium 5E-02 [100] Blood pressure HEAST
Cadmium -- -- --
Calcium -- -- --
Chromium VI 2E-02 [1001 Not defined HEAST
Copper 3.7e-02 [1] GI HEAST
Cyanide 2E-02 [500] Thyroid HEAST
Iron -- -- .-
Lead -- . . .
Nickel 2E-02 [300] Body weight HEAST
Potassium -- . - e
Silver 3E-03 [2] Argyria (skin) HEAST
Sodium -- : -- --
Zinc . 2E-01 £10] Blood (anemia) HEAST

(a) For patguays involving exposures of less than seven years subchroni¢ RfD values
are used.

(b) Uncertainty factors used to develop reference doses generally consist of
multiples of 10, with each factor representing a specific area of uncertainty in
the data available. The standard uncertainty factors include the following:

A 10-fold factor to account for the variation in sensivitiy among the members
of the human population; a 10-fold factor to account for the uncertainty in
extrapolation animal data to the case of humans; a 10-fold factor to account
for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; and a 10-fold factor to account for the uncertainty in extrapolating
from LOAELs to NOAELs.

(c) A target organ is the organ most sensitive to a chemical’s toxic effect. RfD’s
are based on toxic effects in the target organ. If an RfD was based on a
study in which a target organ was not identified, an organ or system known
to be affected by the chemical is listed.

(d) RfD reported is for trans-1,2-dichloroethene.

NOTE: HEAST = Health Effects Assessment Summary Tables - July 1, 1990
-- = No information available
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the hazard index. The hazard index is useful as a reference point for gauging the potential effects
of environmental exposures to complex mixtures. In general, hazard indices which are less than one
are not likely to be associated with any health risks, and are therefore less likely to be of regulatory
concern than hazard indices greater than one. A conclusion should not be categorically drawn,
however, that all hazard indices less than one are "acceptable” or that hazard indices greater than one
are "unacceptable.” This is a consequence of the perhaps one order of magnitude or greater
uncertainty inherent in estimates of the RfD and intake, in addition to the fact that the uncertainties
associated with the individual terms in the hazard index calculation are additive. ‘

In the absence of specific information on the toxicity of the mixture of chemicals to be
assessed or on similar mixtures, EPA guidelines recommend assuming that the effects of different
components on the mixtures are additive when affecting a particular organ or system. Synergistic or
antagonistic interactions may be taken into account if there is specific information on particular
combinations of chemicals. Information on the toxic effects of the specific chemical mixtures at the
Arrowhead Plating site are not available. Accordingly, it is assumed in this assessment that the toxic
effects of the chemical of potential concern are additive. Thus, lifetime excess cancer risks and the
CDI:RfD ratios for individual chemicals are summed to indicate the potential risks associated with
mixtures of potential carcinogens and noncarcinogens, respectively. In this assessment, CDI:RfD
ratios are summed across all chemicals exhibiting noncarcinogenic effects. If the hazard index
resulting from this summation exceeds one, the contribution of chemicals affecting the same target
organ is analyzed.

When risk from the dermal absorption of chemicals is quantified, the oral cancer slope factor
.or reference dose may require modification if it was based upon an administered dose rather than an
absorbed dose. The modification required in this case is the absorption efficiency of the chemical
under the conditions of the study from which the cancer slope factor was derived. For example, if
the slope factor was derived from an animal study where the chemical was administered by gavage,
then a factor which represents the extent of absorption of the chemical from the gut under such
conditions should be applied. In other cases, the chemical may have been administered during a
dietary study. The absorption efficiency used in this situation should reflect the conditions of a
dietary study. It should be noted that this type of absorption is different from the relative oral
absorption which takes into account differences in absorption of a chemical adsorbed on soil versus
the vehicle used in the animal study.

Because most human health effects criteria are based upon administered doses, the extent of
absorption under the study conditions is not generally known. In this case, application of an
absorption factor would require careful consideration of information from the literature. Because
sufficient information regarding this absorption factor was not readily available for the chemicals of
concern, an absorption efficiency of 100% (a factor of 1.0) was applied to the oral human health
effects criteria when estimating risk through the route of dermal absorption. This assumption may
result in an underestimation of risks for chemicals that are not absorbed extensively in the gut.
However, this assumption probably is appropriate for most of the volatile organic chemicals at the
site, given that these chemicals are likely to be extensively absorbed in the: gut.

7.5.1 Potential Risks Associated with the Arrowhead Plating Site

Risks associated with current and potential future exposures to site-related chemicals in surface
soil, ambient air, ground water, surface water, and sediment, are discussed below.

Arrowhead RI
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7.5.1.1 Inhalation of Volatile Chemicals in Ambient Air by Workers

Table 7-41 presents the estimated carcinogenic risks and noncarcinogenic hazards associated
with inhalation of volatile chemicals in ambient air by workers, the only complete exposure pathway
under the current land-use conditions. The upper-bound excess lifetime cancer risk is 1x1077, and
the hazard index for noncarcinogens is less than 1.

7.5.1.2 Ingestion of Ground Water by Future Residents

Table 7-42 presents the estimated carcinogenic risks and noncarcinogenic hazards associated
with ingestion of chemicals in ground water by future residents. Table 7-42 does not include results
of the additional 1991 data. Appendix K summarizes impacts of the new data on the risk assessment.
The upper-bound excess lifetime cancer risk is 8x10. 1,1-Dichloroethene, tetrachloroethene, and
trichloroethene all contribute significantly to the cancer risks for groundwater ingestion. 1,1-
Dichloroethene is a Class C carcinogen. As discussed previously, Class C carcinogens are possible
human carcinogens, for which limited evidence of carcinogenicity is available. This classification lends
uncertainty to predictions of excess lifetime cancer risks associated with this chemical. Tetrachloro-
ethene and trichloroethene have been classified as Class B2, probable human carcinogens.

The hazard index is greater than one due primarily to the same three chemicals that
contributed significantly to cancer risk: 1,1-dichloroethene, trichloroethene, and tetrachloroethene.
The target organ for all of these chemicals is the liver. The hazard indices for all other target organ
groups do not exceed 1.

Although no toxicity criteria are available for lead, EPA’s Office of Emergency and Remedial
Response and Office of Waste Programs Enforcement have recommended a final cleanup level for
lead in ground water of 15 pg/L based on blood lead levels in children (EPA 1990c). Thes estimated
exposure point concentration for lead of 36 pg/L exceeds this cleanup level, indicating that lead in
drinking water could contribute to the overall risk to future residents.

As discussed previously, future residents could be exposed via other pathways to the chemicals
in ground water during home use of ground water. For example, most of the organic chemicals in
ground water are volatile and residents could be exposed via inhalation to chemicals that have
volatilized during activities such as showering, cooking and washing clothes. Dermal absorption could
result during bathing or washing. Exposure via these pathways would add to overall exposure and
risk. The scientific literature on this subject indicates that the risk associated with these sources may
be similar in magnitude to that associated with ingestion. For all practical purposes, the risks
calculated for ingestion may be doubled to estimate the importance of this effect.

7.5.1.3 Inhalation of Volatile Chemicals in Ambient Air by Future Residents

Tables 7-43 through 7-46 present the estimated risks to future residents associated with
exposure to VOCs via inhalation of ambient air. The upper-bound excess lifetime cancer risks range
from 4x10? to 1x10”7 and the hazard indices are all below 1.

7.5.1.4 Dermal Contact and Incidental Ingestion of Surface Soil by Future Residents

. Tables 7-47 through 7-50 present the estimated risks to future residents associated with
dermal contact of surface soil from the drum storage, acid tank, chlorinated solvent tank, drain lines,
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TABLE 7°41

POTENTIAL RISKS ASSOCIATED WITH CURRENT INHALATION EXPOSURE AT THE ARROWHEAD PLATING SITE (a)

Estimated Chronic ’ Slope Weight of Upper Bound

Chemicals Exhibiting Daily Intake (CDI) Factor Evidence Excess Lifetime
Carcinogenic Effects (mg/kg-day) (mg/kg-day)-1 Class (b)  Cancer Risk

| fe
Carbon tetrachloride 7.19E-08 1.3€-01 B2 9E-09
Methylene chloride 6.12E-08 1.6E-03 B2 1E-10
Tetrachloroethene 4.81E-05 1.86-03 . B2 9E-08 |
Trichloroethene 2.34E-07 1.7E-02 B2 s 4E-09 1
TOTAL 1E-07

Reference Dose

Estimated Chronic (RfD)
Chemicals Exhibiting Daily Intake (CDI) (mg/kg-day) (c) Target !
Noncarcinogenic Effects (mg/kg-day) [Uncertainty Factor] Organ (d) CDI:RfD Ratio'
Methyl ethyl ketone 1.06E-06 9E-02 £1000] CNS 1E-05
Methylene chloride 1.43E-07 9E-02 [1000] CNS . 2E-06
1,1,1-Trichloroethane

HAZARD INDEX

1.21E-06 3E-01 £10001 Liver : 4E-06

<1 (2E-05)

(a)
(b)

{c)

)

Chemicals of concern which are not presented due to lack of inhatation toxicity criteria are: acetone,
bis(2-ethylhexyl)phthalate, di-n-butylphthalate, trans-1,2-dichloroethene, and phenanthrene.

EPA Weight of Evidence for Carcinogenic Effects: [B2] = Probable human carcinogen based on inadequate
evidence from human studies and adequate evidence from animal studies. '
Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each factor
representing a specific area of uncertainty in the data available. The standard uncertainty factors

include the floowing:
- A 10-fold factor to
A 10-fold factor to
- A 10-fold factor to
NOAELS; and

- A 10-fold factor to
A target organ is the
in the target organ.

or system known to be

account for the variation in sensitivity among the members of the human population;
account for the uncertainty in extrapolation animal data to the case of humans;
account for uncertainty in extrapolating from tess than chronic NOAELs to chronic

account for the uncertainty in extrapolating from LOAELs to NOAELs. .
organ most sensitive to a chemical’s toxic effect. RfDs are based on toxic effects
If an RfD was based on a study in which a target organ was not identified, an organ
affected by the chemical is listed.

Arr?owhead RI
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TABLE 7-42
POTENTIAL RISKS ASSOCIATED WITH INGESTION OF GROUND WATER BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Estimated Chronic Slope Weight of Upper Bound
Chemicals Exhibiting Daily Intake (CDI) Factor Evidence Excess Lifetime
Carcinogenic Effects (mg/kg-day) (mg/kg-day)-1 Class (b) Cancer Risk
Chloroform 1.27€-04 6.1E-03 B2 8E-07
1,1-Dichloroethene 1.06E-01 6.0E-01 c 6E-02
Methylene chloride 3.05E-03 7.56-03 B2 2E-05
Tetrachloroethene 2.78E-01 5.1E-02 B2 1E-02
Trichloroethene 7.55E-02 1.1E-02 82 8E-04
TOTAL 8E-02

Reference Dose

Estimated Chronic (RfD)
Chemicals Exhibiting Daily Intake (CDI) (mg/kg-day) (c) Target CDI:RfD
Noncarcinogenic Effects (mg/kg-day) [Uncertainty Factor] Organ (d) Ratio
Acetone 3.10E-02 1E-01 [1000] Liver, kidney 3E-01
Barium 5.15E-03 7€-02 (3] Blood pressure 7E-02
Cadmium 1.46E-04 56-04 [10] (e) Kidney 3e-01
Chloroform 2.97E-04 1E-02 [1000] Liver 3E-02
Chromium (total) 2.85E-03 S5E-03 {5001 (f) Nervous system 6E-01
Copper 1.15E-01 3.7e-02 (9) GI 3E+00
Cyanide 8.31E-04 2E-02 {5001 Thyroid 4E-02
1,1-Dichlorcethane 1.356-03 1E-01 [1000] Kidney 1E-02
1,1-Dichloroethene 2.46E-01 9E-03 [1000] Liver 3E+01
1,2-Dichloroethene (total) 1.74E-01 2E-02 [1000] Blood 9E+00
ercury (inorganic) 3.96E-06 3E-04 [10001 Kidney 1E-02
#dethylene chloride 7.12E-03 6E-02 [1001] Liver 1€-01
Nickel 3.05e-03 2E-02 [300] Body weight 2E-01
Silver 2.37e-05 3E-03 [2] Argyria (skin) 8E-03
Tetrachloroethene 6.49E-01 1E-02 [1000] Liver 6E+01
1,1,1-Trichloroethane 3.58e+00 9E-02 (10001 Liver 4E+01
Trichloroethene 1.76E-01 7E-03 [1000] Liver . 2E+01
Zinc 2.02E-02 2E-01 [10) Anemia 1E-01
HAZARD INDEX >1 (2E+02) 2E+02

(a) Chemicals of concern which are not presented due to lack of toxicity criteria are: aluminum, calcium,
iron, lead, potassium, and sodium.

(b) EPA Weight of Evidence for Carcinogenic Effects: [B2] = Probable human carcinogen based on inadequate
evidence from human studies and adequate evidence from animal studies; and [C] = Possible human carcinogen
based on limited evidence from animal studies in the absence of human studies.

(c) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each factor
representing a specific area of uncertainty in the data available. The standard uncertainty factors
include the following:

- A 10-fold factor to account for the variation in sensitivity among the members of the human population;

- A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;

- A 10-foldn§actor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; a

- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.

(d) A target organ is the organ most sensitive to a chemical’s toxic effect. RfDs are based on toxic effects
in the target organ. 1f an RfD was based on a study in which a target organ was not identified, an organ
or system known to be affected by the chemical is listed.

(e) Cadmium RfD for water.

(f) RfD reported is for chromium VI, as all chromium is conservatively assumed to be in the form of
chromium VI.

(9) Drinking water standard reported in mg/l converted to mg/kg-day by assuming a 70 kg adult consumes
2 liters of water per day.

Arrowhead RI
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‘ TABLE 7-43 - ?
. . {

POTENTIAL RISKS ASSOCIATED WITH INHALATION EXPOSURE IN FUTURE
RESIDENTS AT THE DRUM STORAGE AREAS (a)

Upper Bound
Excess Lifetime

Estimated Chronic
Daily Intake (CDI)

Slope
Factor

Weight of

Chemicals Exhibiting Evidence

Carcinogenic Effects (mg/kg-day) (mg/kg-day)-1 Class (b) Cancer Risk
Carbon tetrachloride 5.83E-08 1.3€-01 B2 8E-09
Methylene chloride 8.41E-08 1.6E-03 B2 1E-10
Tetrachloroethene 9.93E-07 1.8€-03 B2 2E-09
Trichloroethene 2.28E-07 1.7E-02 B2 4E-09
TOTAL 1E-08
Reference Dose
Estimated Chronic (RfD)
Chemicals Exhibiting Daily Intake (CDI) (mg/kg-day) (c) Target

Noncarcinogenic Effects (mg/kg-day) [Uncertainty Factor] Organ (d) CDI:RfD Ratio
Methyl ethyl ketone 1.62E-08 9E-02 £10001 CNS 2E-07
Methylene chioride 1.96E-07 8.57E-01 [100] Liver 2E-07
1,1,1-Trichloroethane 1.39E-06 3E-01 {10003 Liver 5E-06
HAZARD INDEX <1 (5E-06)

(a)

(c)

Chemicals of concern which are not presented due to lack of toxicity criteria are: acetone,
bis(2-ethythexyl)phthalate, and di-n-butylphthalate.

EPA Weight of Evidence for Carcinogenic Effects: [B2] = Probable human carcinogeni based on 1nadequate
evidence from human studies and adequate evidence from animal studies.

Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each factor
representing a specific area of uncertainty in the data available. The standard uncertalnty factors’
include the floowing:

(d)

- A 10-fold factor to
- A 10-fold factor to
- A 10-fold factor to
NOAELs; and

- A 10-fold factor to
A target organ is the
in the target organ.

or system known to be

account for the variation in sensitivity among the members of the human Eopulation;
account for the uncertainty in extrapolation animal data to the case of humans;
account for uncertainty in extrapolating from less than chronic NOAELs to chronlc

account for the uncertainty in extrapolating from LOAELs to NOAELs.

organ most sensitive to a chemical’s toxic effect. RfDs are based on toxic effects
If an RfD was based on a study in which a target organ was not identified, an organ
affected by the chemical is listed.

Arrowhead RI
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TABLE 7-44

POTENTIAL RISKS ASSOCIATED WITH INHALATION EXPOSURE IN FUTURE
RESIDENTS AT THE ACID TANK AREA (a)

Estimated Chronic Slope Weight of Upper Bound
Chemicals Exhibiting Daily Intake (CDI) Factor Evidence Excess Lifetime
Carcinogenic Effects (mg/kg-day) (mg/kg-day)-1 Class Cancer Risk
None

Reference Dose

Estimated Chronic (RfD)
Chemicals Exhibiting Daily Intake (CDI) (mg/kg-day) (b) Target
Noncarcinogenic Effects (ma/kg-day) [Uncertainty Factor] Organ (c¢) CDI:RfD Ratio
Methyl ethyl ketone 2.4E-08 9E-02 [1000] CNS 3E-07
HAZARD INDEX <1 (3e-07)

(a) Chemicals of concern which are not presented due to lack of toxicity criteria are: acetone and
bis(2-ethylhexyl)phthalate. .

(b) Uncertainty factors used to develop reference doses generaltly consist of multiples of 10, with each factor
representing a specific area of uncertainty in the data available. The standard uncertainty factors
include the floowing: ’

- A 10-fold factor to account for the variation in sensitivity among the members of the human population;

- A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;

- A 10-foldn§actor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; a

- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.

(¢) A target organ is the organ most sensitive to a chemical’s toxic effect. RfDs are based on toxic effects
in the target organ. If an RfD was based on a study in which a target organ was not identified, the organ
listed is one known to be affected by the particular chemical of concern.

| AR3QLE88x
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TABLE 7-45 - !

POTENTIAL RISKS ASSOCIATED WITH INHALATION EXPOSURE IN FUTURE

RESIDENTS AT THE SOLVENT TANK AREA (a) ‘ X

1

Chemicals Exhibiting

Upper Bound
Excess Lifetime

Weight of
Evidence

Estimated Chronic
Daily Intake (CDI)

Slope
factor

Carcinogenic Effects (mg/kg-day) (mg/kg-day)-1 Class (b) Cancer Risk
Tetrachloroethene 5.29E-05 1.86-03 B2 1E-07 ’
TOTAL 1€-07
Reference Dose
Estimated Chronic (RfD)
Chemicals Exhibiting Daily Intake (CDI) (mg/kg-day) (c) Target

Noncarcinogenic Effects (mg/kg-day) [Uncertainty Factorl Organ (d) CDI:RfD Ratio;
1,1,1-Trichloroethane 1.98E-06 3E-01 £10001 Liver 7E-06 ‘
HAZARD INDEX <1 (7&- 06)

(a)
(b)

phenanthrene.

Chemicals of concern which are not presented due to lack of toxicity criteria are:

EPA Meight of Evidence for Carcinogenic Effects: [B2] =

acetone and

Probable human carcinogen baged on inadequate

evidence from human studies and adequate evidence from animal studies.

)
representing a specifi
include the following:
- A 10-fold factor to

A 10-fold factor to

A 10-fold factor to

NOAELs; and

- A 10-fold factor to

A target organ is the

in the target organ.

or system known to be

(d)

Uncertainty factors used to develop reference doses generatly consist of multiples of 10, with each 'factor

¢ area of uncertainty in the data available. The standard uncertalnty factors
account for the variation in sensitivity among the members of the human population;
account for the uncertainty in extrapolation animal data to the case of humans;
account for uncertainty in extrapolating from less than chronic NOAELs to chronic

account for the uncertainty in extrapolating from LOAELs to NOAELs.

organ most sensitive to a chemical’s toxic effect. RfDs are based on toxic effects
1f an RfD was based on a study in which a target organ was not identified, an organ
affected by the chemical is listed.

Arrowhead RI
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TABLE 7-46

POTENTIAL RISKS ASSOCIATED WITH INHALATION EXPOSURE IN FUTURE
RESIDENTS AT THE STAINED AREA (a)

Estimated Chronic Slope Weight of Upper Bound
Chemicals Exhibiting Daily Intake (CDI) Factor Evidence Excess Lifetime
Carcinogenic Effects (mg/kg-day) (mg/kg-day)-1 Class (b) Cancer Risk
Tetrachloroethene 2.41E-06 1.8E-03 B2 4E-09
TOTAL 4LE-09

Reference Dose

Estimated Chronic (RfD)
Chemicals Exhibiting Daily Intake (CDI) (mg/kg-day) Target
Noncarcinogenic Effects (mg/kg-day) {Uncertainty Factor] organ CDI:RfD Ratio

None

(a) Chemicals of concern which are not presented due to lack of toxicity criteria are: acetone and
trans-1,2-dichloroethene.

(b) EPA Weight of Evidence for Carcinogenic Effects: [B2] = Probable human carcinogen based on inadequate
evidence from human studies and adequate evidence from animal studies.

a -

7-70 AR30| 510



27-Mar-91 -- Arrowhead-DDRUM

TABLE 7-47

POTENTIAL RISKS ASSOCIATED WITH DERMAL CONTACT OF SOIL IN DRUM STORAGE

AREAS BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Estimated Chronic
Daily Intake (CDI)

Chemicals Exhibiting

Slope
Factor

Weight of Uppe
Evidence

r Bound
Excess Lifetime

Carcinogenic Effects (mg/kg-day) (mg/kg-day)-1 Class (b) Cancer Risk
Bis(2-ethylhexyl)phthalate 6.21E-08 1.4E-02 B2 9E-10
Carbon tetrachloride 3.45E-09 1.3E-01 B2 4E-10
Methylene chloride 2.93E-09 7.5E-03 B2 2E-11
Tetrachloroethene 5.35E-08 5.1E-02 B2 3E-09
Trichloroethene 1.12E-08 1.1E-02 B2 1E-10
TOTAL 4E-09
Reference Dose

Estimated Chronic (RfD)
Chemicals Exhibiting Daily Intake (CDI) (mg/kg-day) (c) Target
Noncarcinogenic Effects (mg/kg-day) [Uncertainty Factor] Organ (d) CDI:RfD Ratio
Acetone 5.43E-08 1E-01 [1000] Liver, kidney 5E-07
Bis(2-ethylhexyl)phthalate 1.45E-07 2E-02 [1000] Liver 7E-06
Carbon tetrachloride 8.05E-09 7E-04 [1000) Liver 1E-05
Cyanide 1.75E-04 2E-02 [5003 Thyroid 9E-03
Di-n-butylphthalate 6.84E-07 1E-01 [1000] Mortality 7E-06
Methyl ethyl ketone 2.21E-08 5E-02 [1000] Fetus 4E-07
Methylene chloride 6.84E-09 6E-02 [100]) Liver 1E-07
Tetrachloroethene 1.25E-07 1E-02 ([1000] Liver 1E-05
1,1,1-Trichloroethane 2.82E-08 9E-02 [1000] Liver 3e-07
Trichloroethene 2.62E-08 7.35E-03 [1000] Liver 4E-06
HAZARD INDEX <1 (9E-03)

(a) Chemicals of concern which are not presented due to lack of toxicity criteria are:

tead, potassium, and sodium

(b) EPA we1ght of Evidence for Carc1nogen1c Effects: [B2] =
evidence from human studies and adequate evidence from animal studies.

(c) Uncertainty factors used to develop reference doses generally consist of muttiples of 10, with each factor
representing a specific area of uncertainty in the data available.

include the following:

aluminum, calcium,

Probable human carcxnogen baged on inadequate

The standard uncprta1nty factors

- A 10-fold factor to account for the variation in sensitivity among the members of the human populatlon-
- A 10-fold factor to account for the uncerta1nty in extrapolation animal data to the case of humans;
- A 10-fold factor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic

NOAELs; and

- A 10-fold factor to account for the uncertainty in extrapolat1ng from LOAELS to NOAELs.
(d) A target organ is the organ most sensitive to a chemical’s toxic effect.

in the target organ.

or system known to be affected by the chemical is listed.
(e) Drinking water standard reported in mg/l converted to mg/kg-day by assuming a 70 kg adult consumes

2 liters of water per day.

7-71

RfDs are based on toxic effects

If an RfD was based on a study in which a target organ was not identified, an organ
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TABLE 7-48

POTENTIAL RISKS ASSOCIATED WITH DERMAL CONTACT OF ACID TANK
AREA SOIL BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Estimated Chronic Slope Weight of Upper Bound
Chemicals Exhibiting paily Intake (CDI) Factor Evidence Excess Lifetime
Carcinogenic Effects (mg/kg-day) (mg/kg-day)-1 Class (b) Cancer Risk
Bis(2-ethylhexyl)phthalate 5.18E-08 1.4E-02 B2 7E-10
TOTAL 7€-10

Reference Dose

Estimated Chronic (RfD)

Chemicals Exhibiting Daily Intake (CDI) (mg/kg-day) (c) Target

Noncarcinogenic Effects (mg/kg-day) [Uncertainty Factorl Organ (d) CDI:RfD Ratio
Acetone 1.97E-07 1E-01 [1000] Liver, kidney 2E-06
Bis(2-ethylhexyl)phthalate 1.21E-07 2E-02 [10001 . Liver 6E-06
Cyanide 1.41E-05 2E-02 [500] Thyroid 7E-04
Mercury (inorganic) 0.00E+00 3E-04 [1000] Kidney 0E+00
Methyl ethyl ketone 3.22E-08 5e-02 [1000] Fetus 6E-07
HAZARD INDEX <1 (7E-04)

(a) Chemicals of concern which are not reported due to lack of toxicity criteria are: calcium.

(b) EPA Weight of Evidence for Carcinogenic Effects: [B2] = Probable human carcinogen based on inadequate
evidence from human studies and adequate evidence from animal studies.

(c) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each
factor representing a specific area of uncertainty in the data available. The standard uncertainty
factors include the following:

- A 10-fold factor to account for the variation in sensitivity among the members of the human population;

- A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;

- A 10-fold factor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; and

- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.

(d) A target organ is the organ most sensitive to a chemical’s toxic effect. RfDs are based on toxic effects
in the target organ. If an RfD was based on a study in which a target organ was not identified, an organ
or a system known to be affected by the chemical is listed.

(e) Drinking water standard reported in mg/l converted to mg/kg-day by assuming a 70 kg adult consumes
2 liters of water per day.

Arrowhead RI
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TABLE 7-49

POTENTIAL RISKS ASSOCIATED WITH DERMAL CONTACT OF SOLVENT TANK
AREA SOIL BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Estimated Chronic Slope Weight of “Upper Bound

Chemicals Exhibiting Daily Intake (CDI) Factor Evidence Excess Lifetime’
Carcinogenic Effects (mg/kg-day) {mg/kg-day)-1 Class (b) Cancer Risk
Tetrachloroethene 2.85E-06 5.1E-02 B2 i 1E-07

. edemmean ]

TOTAL - 1E-O7

Reference Dose - i

Estimated Chronic (RTD)
Chemicals Exhibiting Daily Intake (CDI) (mg/kg-day) (c) Target e :
Noncarcinogenic Effects (mg/kg-day) [Uncertainty Factor} Organ (d) CDI:RfD Ratio
Acetone 6.44E-06 1E-01 [1,0001 Liver, kidney 6E-05
Phenanthrene 2.82E-07 4E-03 [100001(g) Eye 7E-05
Tetrachloroethene 6.64E-06 1E-02 [1000] Liver 7E-04
1,1,1-Trichloroethane 4.03E-08 9€-02 [1000] Liver 4E-07
HAZARD INDEX - <1 (BE-04) .
(a) Chemicals of concern which are not presented due to lack of toxicity criterfa are: aluminum,

(b)
(e

()
(e)

()
(€:))

calcium, and lead. -

EPA Weight of Evidence for Carcinogenic Effects: {B2] = Probable human carcinogen based on inadequate

evidence from human studies and adequate evidence from animal studies.

Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each factor

representing a specific area of uncertainty in the data available. The standard uncertainty factors

include the following:

- A 10-fold fagtor to account for the variation in sensitivity among the members of the human population;

- A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;

- A 10-fold factor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; and -

- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.

A target organ is the organ most sensitive to a chemical’s toxic effect. RfDs are based on toxic effects

in the target organ. If an RfD was based on a study in which a target organ was not identified, an organ

or system known to be affected by the chemical is listed.

The RfD reported is based on food studies.

Drinking water standard reported in mg/l converted to mg/kg-day by assuming a 70 kg adult consumes

2 liters of water per day. :

The RfD for naphthalene is used in the absence of toxicity criteria for phenanthrene.

73 ARBOI}SIS
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TABLE 7-50

POTENTIAL RISKS ASSOCIATED WITH DERMAL CONTACT OF STAINED
AREA SOIL BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE

Estimated Chronic Slope Weight of Upper Bound
Chemicals Exhibiting Daily Intake (CDI) Factor Evidence Excess Lifetime
Carcinogenic Effects (mg/kg-day) (mg/kg-day)-1 Class (a) Cancer Risk
Bis(2-ethythexyl)phthalate 3.11E-07 1.4E-02 B2 4E-09
Tetrachloroethene 1.29E-07 5.1E-02 B2 7E-09
TOTAL 1E-08

Reference Dose

Estimated Chronic (RfD)
Chemicals Exhibiting Daily Intake (CDI) (mg/kg-day) (b) Target .
Noncarcinogenic Effects (mg/kg-day) [Uncertainty Factorl Organ (c) CDI:RfD Ratio
Bis(2-ethylhexy!)phthalate 7.25E-07 2E-02 {1000] Liver 4E-05
1,2-Dichloroethene 1.17E-06 2E-02 [1000] Blood 6E-05
Tetrachloroethene 3.02E-07 1E-02 [1000] Liver 3E-05
HAZARD INDEX <1 (1E-04)

(a) EPA Weight of Evidence for Carcinogenic Effects: [B2] = Probable human carcinogen based on inadequate
evidence from human studies and adequate evidence from animal studies.
(b) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each

factor representing a specific area of uncertainty in the data available. The standard uncertainty
factors include the following: :

- A 10-fold factor to account for the variation in sensitivity among the members of the human population;

- A 10-fold factor to

- A 10-fold factor to
NOAELs; and

- A 10-fold factor to

(c) A target organ is the

in the target organ.
or system known to be

account for the uncertainty in extrapolation animal data to the case of humans;
account for uncertainty in extrapolating from less than chronic NOAELs to chronic

account for the uncertainty in extrapolating from LOAELs to NOAELs.

organ most sensitive to a chemical’s toxic effect. RfDs are based on toxic effects
If an RfD was based on a study in which a target organ was not identified, an organ
affected by the chemical is listed.

Arrowhead RI
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and stained areas. The upper-bound excess lifetime cancer risks range from 7x10°1° to 1><10’7 and
the hazard indices are all below one. :

Table 7-51 through 7-55 present the estimated risks to future residents associated with
incidental mgestlon of surface soil from each area. The upper-bound excess lifetime cancer risks
range from 6x10710 to 8x10"8. The hazard indices are all below 1. ,
|

If risks from dermal contact and incidental 1ngest10n are summed for each area, the total
upper-bound excess lifetime cancer risks range from 1x10” to 2x10 , and the hazard indices are all
below one. '

Although no toxicity criteria are available for lead, EPA’s Office of Emergency and Remedial
Response and Office of Waste Programs Enforcement have established an interim soil cleanup level
for lead at Fund-lead and Enforcement-lead CERCLA sites (EPA 1989c). The cleanup level range,
500 to 1,000 mg/kg, is considered protective for direct contact exposures at residential exposures
based on guidance from the Centers for Disease Control (CDC). The exposure point concentration
for lead in surface soil at the Arrowhead Plating site range from 8.2 to 18.6 mg/kg. Since this level
is well below the health-based cleanup level, adverse effects from direct conctact with lead in surface
soil are not expected.

7.5.1.5 Dermal Contact of Surface Water and Sediment‘by Wading Children

The risks to wading children via dermal contact of surface water are presented in Table 7-56.
The upper-bound excess lifetime cancer risk is 8x10®, and the hazard index is less than 1.

Table 7-57 presents the estimated risks associated with direct contact exposures with sediment
for children wading in surface water. The upper-bound excess lifetime cancer risk is 1><10 10 and the
hazard index is less than one.

The total upper-bound excess lifetime cancer risk for dermal contact of surface water and
sediment is 8x10"?, and the hazard index is less than one.

7.5.1.6 Sum of Potential Future Risks

Future residents could be exposed to chemicals via a combination of pathways, and therefore
the future risk associated with exposure via all of the pathways is estimated by summing the risks
across the residential pathways. Table 7-58 summarizes the excess lifetime cancer I'lSkS and hazard
indices for the future exposure pathways evaluated. —

Under the future land use condmon of residential development, the total excess lifetime cancer
risk for each source area is 8x102, due entirely to the ground water ingestion pathway. (This risk
estimate does not include 1991 samplmg data, in which addltlonal chemicals were detected. See
Appendlx K.) This risk exceeds the target risk level of 10, The total hazard indices exceed one,
again due entxrely to groundwater ingestion. A hazard index of one is the target level used by
regulatory agencies. If future ingestion of ground water is eliminated, the risks are all within the
target risk level, and the hazard indices are all below one. It is therefore apparent that the only
pathway (and medium) which presents a current or future risk to human health is ground water
ingestion. Chemicals in surface soil or sediment do not contribute appreciably to the overall risks
associated with the site.

Arrowhead RI
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TABLE 7-51

POTENTIAL RISKS ASSOCIATED WITH INCIDENTAL INGESTION OF SOIL IN DRUM STORAGE
AREAS BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Estimated Chronic Slope Weight of Upper Bound
Chemicals Exhibiting Daily Intake (CDI) Factor Evidence Excess Lifetime
Carcinogenic Effects (mg/kg-day) (mg/kg-day)-1 Class (b) Cancer Risk
Bis(2-ethylhexyl)phthalate 5.35e-08 1.4E-02 B2 7E-10
Carbon tetrachloride 1.78E-09 1.36-01 B2 2E-10
Methylene chloride 1.52E-09 7.5E-03 B2 1E-11
Tetrachloroethene 2.77E-08 5.1E-02 82 1E-09
Trichloroethene 5.80E-09 1.1E-02 B2 6E-11
TOTAL 2E-09
Reference Dose
Estimated Chronic (RfD)

Chemicals Exhibiting paily Intake (CDI)  (mg/kg-day) (c) Target

Noncarcinogenic Effects (mg/kg-day) {Uncertainty Factor] Organ (d) CDI:RfD Ratio
Acetone 2.81E-08 1.0E-01 [1000] Liver, kidney 3E-07
Barium 1.51E-05 7.0E-02 (3] Blood pressure 2E-04
Bis(2-ethylhexyl)phthalate 1.25E-07 2.0E-02 11000] Liver 6E-06
Carbon tetrachloride 4_16E-09 7.0E-04 [1000] Liver 6E-06
_ Chromium 3.44E-08 5.0E-03 [500] Nervous system 7E-06
Copper 2.07E-05 3.7e-02 (e) Gl 6E-04
Cyanide 1.81E-06 2.0E-02 [5001 Thyroid 9E-05
Di-n-butylphthalate 3.54€E-07 1.0E-01 [1000]1 Mortality 4E-06
Methyl ethyl ketone 1.15€E-08 5.0e-02 [10001 Fetus 2E-07
Methylene chloride 3.54E-09 6.0E-02 {100] Liver 6E-08

lickel 2.85e-07 2.0E-02 [3001 Body weight 1E-05
Silver 3.44E-08 3.0E-03 [2] Argyria (skin) 1E-05
Tetrachloroethene 6.45E-08 1.0E-02 [1000] Liver 6E-06
1,1,1-Trichloroethane 1.46E-08 9.0E-02 [1000] Liver 2E-07
Trichloroethene 1.35€-08 7.35E-03 {10003 Liver 2E-06
Zinc 6.35E-06 2.0E-01 [10] Anemia 3E-05
HAZARD INDEX <1 (1E-03)

(a) Chemicals of concern which are not presented due to lack of toxicity criteria are: aluminum, calcium,
lead, potassium, and sodium.

(b) EPA Weight of Evidence for Carcinogenic Effects: [B2] = Probable human carcinogen based on inadequate
evidence from human studies and adequate evidence from animal studies.

(c) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each factor
representing a specific area of uncertainty in the data available. The standard uncertainty factors
include the following:

- A 10-fold factor to account for the variation in sensitivity among the members of the human Eopulation;

- A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;

- A 10-fold factor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; and

- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.

(d) A target organ is the organ most sensitive to a chemical’s toxic effect. RfDs are based on toxic effects
in the target organ. If an RfD was based on a study in which a target organ was not identified, an organ
or system known to be affected by the chemical is listed.

(e) Drinking water standard reported in mg/l converted to mg/kg-day by assuming a 70 kg adult consumes
2 liters of water per day.

Arrowhead RI
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POTENTIAL RISKS ASSOCIATED WITH INCIDENTAL INGESTION OF ACID TANK
AREA SOIL BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

TABLE 7-52

o3
iR

Upper Bound

Estiamted Chronic Slope Weight of
Chemicals Exhibiting Daily Intake (CDI) Factor Evidence Excess Lifetime
Carcinogenic Effects (mg/kg-day) (mg/kg-day)-1 Class (b) Cancer Risk
Bis(2-ethylhexyl)phthalate 4.46E-08 1.4E-02 B2 6E-10V
TOTAL 6E-10

Reference Dose

Estimated Chronic (RfD) !
Chemicals Exhibiting Daily Intake (CDI) (mg/kg-day) (c) Target
Noncarcinogenic Effects (mg/kg-day) [Uncertainty Factor] Organ (d) CDI:RfD Ratio
Acetone 1.02€E-07 1E-01 (10001 Liver, kidney 1E-06
Barium 2.04E-05 7e-02 (3] Blood pressure 3E-04
Bis(2-ethylhexyl)phthalate 1.04E-07 2E-02 [1000] Liver 5€-06
Chromium 5.93€-08 5€-03 [500] Nervous system 1E-05
Copper 4,21E-06 3.7e-02 (e) GI 1E-04
Cyanide 1.46E-07 2E-02 [500] Thyroid 7E-06
Mercury (inorganic) 2.29E-08 3E-04 [10001 Kidney 8E-05
Methyl ethyl ketone 1.67E-08 5e-02 [1000] Fetus 3E-07
Nickel 4.75E-07 2E-02 [300] Body weight 2E-05 ..
zZinc 5.34E-06 2E-01 110} Anemia 3E-0S
HAZARD INDEX <1 (5E-04)

.a) Chemicals of concern which are not presented due to lack of toxtcxty criteria are:

lead, potassium, and s

odium.

(b) EPA Height of Evidence for Carcinogenic Effects: [B2]
human studies and adequate evidence from animal studies.
(c) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each

factor representing a specific area of uncertainty in the data available.

factors include the fo

lLiowing:

aluminum, calcium,

= Probable human carcinogen based on inadequate

The standard uncertainty

- A 10-fold factor to account for the variation in sensitivity among the members of the human populat:on-
account for the uncertainty in extrapolation animal data to the case of humans;
account for uncertainty in extrapolating from less than chronic NOAELs to chronic

- A 10-fold factor to
- A 10-fold factor to
NOAELs; and
- A 10-fold factor to
(d) A target organ is the
in the target organ.
or system known to be

(e) Drinking water standard reported in mg/L converted to mg/kg-day by assuming a 70 kg adult consumes

account for the uncertalnty in extrapolating from LOAELs to NOAELs.

organ most sensitive to a chemical’s toxic effect.

RfDs are based on toxic effects

If an RfD was based on a study in which a target organ was not identified, an organ
affected by the chemical is listed.

2 liters of water per day.
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TABLE 7-53

POTENTIAL RISKS ASSOCIATED WITH INCIDENTAL INGESTION OF SOLVENT TANK
AREA SOIL BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Estimated Chronic Slope Weight of Upper Bound
Chemicals Exhibiting Daily Intake (CDI) Factor Evidence Excess Lifetime
Carcinogenic Effects (mg/kg-day) (mg/kg-day)-1 Class (b) Cancer Risk
Tetrachloroethene 1.47€E-06 5.1E-02 B2 8E-08
TOTAL 8E-08

Reference Dose

Estimated Chronic (RfD)
Chemicals Exhibiting Daily Intake (CDI) (mg/kg-day) (c) Target
Noncarcinogenic Effects (mg/kg-day) [Uncertainty Factor] Organ (d) CDI:RfD Ratio
Acetone 3.33e-06 1E-01 [1000] Liver, kidney 3E-05
Barium 4.14E-05 7E-02 [3] Blood pressure 6E-04
Cadmium 1.15€~07 1E-03 [10] (e) Kidney 1E-04
Chromium 4 _06E-08 SE-03 {5001 Nervous system 8E-06
Copper 8.93E-04 3.7e-02 (f) GI 2E-02
Mercury (inorganic) 7.33e-07 3E-04 [10001 Kidney 2E-03
Nickel 7.30E-07 2E-02 (300] Body weight 4E-05
Phenanthrene 1.46E-07 4E-03 [10000] (g) Eye 4E-05
Silver 5.73E-08 3E-03 [2] Argyria (skin) 2E-05
Tetrachloroethene 3.44E-06 1E-02 [1000]1 Liver 3e-04
1,1,1-Trichloroethane 2.08e-08 9E-02 [10001 Liver 2E-07
Zine 8.97E-05 2E-01 [10] Anemia 4E-04
YAZARD INDEX <1 (3E-02)

(a)
(b)
(c)

(d)

(e)
(f)

(9)

Chemicals of concern which are not presented due to lack of toxicity cirteria are:

lead, potassium, and sodium.

EPA Weight of Evidence for Carcinogenic Effects: [B2] =

evidence from human studies and adequate evidence from animal studies.
Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each factor
The standard uncertainty factors

representing a specific area of uncertainty in the data available.

inctude the floowing:
- A 10-fold factor to
- A 10-fold factor to
- A 10-fold factor to
NOAELs; and

- A 10-fold factor to
A target organ is the
in the target organ.

or system known to be
Cadmium RfD for food.

aluminum, calcium,

Probale human carcinogen based on inadequate

account for the variation in sensitivity among the members of the human population;
account for the uncertalnty in extrapolation animal data to the case of humans;
account for uncertainty in extrapolating from less than chronic NOAELs to chronic

account for the uncertainty in extrapolating from LOAELs to NOAELs.

organ most sensitive to a chemical's toxic effect.

RfDs are based on toxic effects

1f an RfD was based on a study in which a target organ was not Identlfred an organ
affected by the chemical is listed.

Prinking water standard reported in mg/l converted to mg/kg-day by assuming a 70 kg adult consumes

2 liters of water per

The RfD for napthalene is used in the absence of toxicity criteria for phenanthrene.

day.
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. TABLE 7-54
POTENTIAL RISKS ASSOCIATED WITH INCIDENTAL INGESTION OF DRAIN LINES :
AREA SOIL BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Estimated Chronic Siope Weight of Upper Bourd
Chemicals Exhibiting Daily Intake (CDI) Factor Evidence Excess Lifetime
Carcinogenic Effects (mg/kg-day) (mg/kg-day)-1 Class Cancer Risk
None .

Reference Dose

Estimated Chronic (RfD)
Chemicals Exhibiting Paily Intake (CDI)  (mg/kg-day) (b) Target )
Noncarcinogenic Effects (mg/kg-day) [Uncertainty Factor] Organ (c) CDI:RfD Ratio
Barium 1.04E-05 7e-02 3] Blood pressure 1E-04
Chromium 3.90E-08 5E-03 [500] Nervous system 8E-06
Copper 5.84E-07 3.7e-02 (d) GI 2E-05
Mercury (inorganic) 1.15E-08 3E-04 [1000) Kidney 4E-05
Nickel 2.80E-07 2E-02 [3001 Body weight 1E-05
2inc 1.556-06 2E-01 [10) Anemia 8E-06 ;
HAZARD INDEX <1 (2E-04)

(a) Chemicals of concern which are not presented due to lack of toxicity criteria are: aluminum, calcium,
lead, potassium, and sodium.

(b) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each
factor representing a specific area of uncertainty in the data available. The standard uncertainty
factors include the following:

- A 10-fold factor to account for the variation in sensitivity among the members of the human population;
- A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;
‘ - A 10-foldngactor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; a ;
- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs. '

(c) A target organ is the organ most sensitive to a chemical’s toxic effect. RfDs are based on toxic effects
in the target organ. If an RfD was based on a study in which a target organ was not identified, an organ
or system known to be affected by the chemical is listed.

(d) brinking water standard reported in mg/l converted to mg/kg-day by assuming a 70 kg adult consumes
2 liters of water per day.
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POTENTIAL RISKS ASSOCIATED WITH INCIDENTAL INGESTION OF STAINED
AREA SOIL BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE

TABLE 7-55

Chemicals Exhibiting
Carcinogenic Effects

Estimated Chronic Slope
Daily Intake (CDI) Factor
(mg/kg-day) (mg/kg-day)-1

Upper Bound
Excess Lifetime
Cancer Risk

Bis(2-ethylhexyl)phthalate
Tetrachloroethene

TOTAL

2.68E-07 1.4E-02
6.69E-08 5.1E-02

Chemicals Exhibiting
Noncarcinogenic Effects

Reference Dose

Estimated Chronic (RfD)
Daily Intake (CDI) (mg/kg-day) (b)
(mg/kg-day)

[Uncertainty Factor)

RfD:CDI Ratio

Bis(2-ethylhexyl)phthalate
1,2-Dichloroethene
Tetrachloroethene

HAZARD INDEX

6.25e-07 2E-02 {10003
6.04E-07 2e-02 [10003
1.56E-07 1E-02 [1000]

3E-05
3E-05
2E-05

<1 (8E-05)

(a) EPA Weight of Evidence for Carcinogenic Effects: [B2] = Probable human carcinogen based on inadequate

evidence from human studies and adequate evidence from animal studies.

(b) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each

factor representing a specific area of uncertainty in the data available.

factors include the fo
- A 10-fold factor to
- A 10-fold factor to
- A 10-fold factor to
NOAELs; and
- A 10-fold factor to
(c) A target organ is the
in the target organ.
or system known to be

Llowing:

The standard uncertainty

account for the variation in sensitivity among the members of the human population;
account for the uncertainty in extrapolation animal data to the case of humans;
account for uncertainty in extrapolating from less than chronic NOAELs to chronic

account for the uncertainty in extrapolating from LOAELs to NOAELs.

organ most sensitive to a chemical’s toxic effect.

RfDs are based on toxic effects

if an RfD was based on a study in which a target organ was not identified, an organ

affected by the chemical is listed.

7-80
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TABLE 7-56

POTENTIAL RISKS TO CHILDREN ASSOCIATED WITH DERMAL CONTACT B ;
OF SURFACE WATER AT THE ARROWHEAD SITE )

v

Chemicals Estimated Subchronic Slope Wweight of ~ ~ Upper Bound
Exhibiting Potentiatl Daily Intake (SDI) Factor Evidence . . Excess Lifetime
Carcinogenic Effects (mg/kg-day) (mg/kg-day)-1 Class (a) Cancer Risk
Bis(2-ethylhexyl)phthalate 3.19€-08 1.4E-02 82 4E-10
Tetrachloroethene 1.27€-07 5.1E-02 B2 } _ 6E-09
Trichloroethene 1.14E-07 1.1E-02 B2 1E-09
TOTAL 8E-09

Reference Dose

Chemicals Estimated Subchronic (RfD) (b)

Exhibiting Potential Daily Intake (SDI) (mg/kg-day) (c) TARGET

Noncarcinogenic Effects (mg/kg-day) [Uncertainty Factor] ORGAN (d) SDI:RFD thio
Bis(2-ethylhexyl)phthalate 3.72E-07 2E-02 [1000] Liver : 2E-05

Cyanide 4.70E-07 2E-02 [500] Thyroid 2E-05

1,2-Dichloroethene 9.80E-07 2E-02 [1000] (e) Blood 5€-05

Tetrachloroethene 1.48E-06 1E-01 [100] Liver o 1E-05

HAZARD INDEX ' L <1 (1E-04)
(a) EPA Weight of Evidence for Carcinogenic Effects: [B2] = Probable human carcinogen based on inadequate

c)

(d)

(e)

evidence from human studies.

For pathways involving exposures of less than seven years, subchronic RfD values are used.

Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each factor

representing a specific area of uncertainty in the data available. The standard uncertainty factors

include the following:

- A 10-fold factor to account for the variation in sensitivity among the members of the human population;

- A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;

- A 10-foldngactor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; a ’

- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.

A target organ is the organ most sensitive to a chemical’s toxic effect. RfDs are based on

toxic effects in the target organ. If an RfD was based on a study in which a target organ

was not identified, an organ or system known to be affected by the chemical is listed.

RfD is for trans-1,2-dichloroethene. .
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TABLE 7-57

POTENTIAL RISKS TO CHILDREN ASSOCIATED WITH DERMAL
CONTACT OF SEDIMENT AT THE ARROWHEAD PLATING SITE (a)

Chemicals Estimated Subchronic Stope Weight of Upper Bound
Exhibiting Potential Daily Intake (SDI) Factor Evidence Excess Lifetime
Carcinogenic Effects (mg/kg-day) (mg/kg-day)-1 Class (b) Cancer Risk
Bis(2-ethylhexy!)phthalate 6.34E-09 1.4E-02 B2 9E-11
Tetrachloroethene 4.83E-10 5.1E-02 B2 2E-11
Trichloroethene 2.66E-10 1.1E-02 B2 3E-12
TOTAL 1€-10

Reference Dose

Chemicals Estimated Subchronic (RfD) (c)

Exhibiting Potential Daily Intake (SDI) (mg/kg-day) (d) Target

Noncarcinogenic Effects (mg/kg-day) [Uncertainty Factorl] Organ (e) SDI:RFD Ratic
Acetone 4. 79E-08 1E+00 [100] Kidney 5E-08
Benzoic acid 5.14E-07 4E+00 [11 Irritation 1E-07
Bis(2-ethylhexy!)phthalate 7.40E-08 2E-02 [10001 Liver 4LE-06
1,2-Dichlorocethene 2.96E-09 2E-01 [10001 (f) Blood 1E-08
Methyl ethyl ketone 7.75E-09 5e-01 [1001 Fetus 2E-08
Tetrachloroethene 5.64E-09 1E-G1 [100]1 Liver L 6E-08
HAZARD INDEX <1 (4E-06)

.a) ngmicals of concern which are not presented due to lack of toxicity criteria are: calcium and
sodium.

(b) EPA Weight of Evidence for Carcinogenic Effects: [B2] = Probable human carcinogen based on inadequate
evidence from human studies and adequate evidence from animal studies.

(c) For pathways involving exposures of less than seven years, subchronic RfD values are used.

(d) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each factor
representing & specific area of uncertainty in the data available. The standard uncertainty factors
include the following:

- A 10-fold factor to account for the variation in sensitivity among the members of the human population;

- A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;

- A 10-foldn§actor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NCAELs; a

- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.

(e) A target organ is the organ most sensitive to a chemical’s toxic effect. RfDs are based on
toxic effects in the target organ. If an RfD was based on a study in which a target organ
was not identified, an organ or system known to be affected by the chemical is listed.

(f) RfD reported is for trans-1,2-dichloroethene.

k R 3 erfoéh%a% RI

7.82 May 1, 1991



1661 ‘T AeN
¥ peaymolry

-0uldJed dienieAd 03 eiep A3121%03

AR301523

*E3JE 9DJNOS pue Wnipsw S1Y} Ul Jussasd s)edlwayd Jo $199439 Jtusbouldaeduou Jo 31usb
aienbapeu)l Jo ‘BoJE IDJNOS pue WNIPSW SLY3 Ul Jussadd sdam (o1U3boULIJIEIUCU JO DtUBBOUIDIED) 199449 SIYY Bulltqlyxa sjedilwsyd oN = --

1< ¢0-38 L« 20-38 L< 20-38 L< 20-38 1< 20-38 V1oL
e . ceee eeean (ua.p1 14d)
sjuaplsay Ag juawipag pue
1> 60-38 1> 60-38 > 60-38 1> 60-38 1> 60-38 J31ep 8oeiIng JO 1I0BJUOY jEULIBG
1105 @Je}Ins 40 uollsabu]
1> - 60-34 L> - L> 20-3¢2 1> 60-31 1> 60-39 lejusplou] pue 3Jejuo) jewsag
.- 60-3% 1> -- L> Z20-31 > -- 1> 80-3l SJ0A 2ul0ogily jo uollejeyu]
L< 20-38 L< 20-38 L< 20-389 L< 20-38 L< 20-38 J83eM punody jo uotisabuj
Xapu] ys1y Jaoue) X8pu ] AsLy Jadue) X3pU | ySLY Jdoue) Xapu| JsLy Jaoue] Xapu | ASLy J49due] Aemyled aansodx3
pJezey BWi39417 $S90X7  puezey awl19)L ss99X3  pJezey SWE3d4LT] SS9IX]  pJezey BWLIDS1] SS9IX]  pJezey SWi3ajL} $s9ox3
BOJY pauLels BaJdy S$3Ul] uiedg BAJY SUe] JUIAL0S

eIy Nuel Pidy

gaJly abriois wndag

3L1S ONILIVId QVIHMOYYY 3HL ¥03 S3DIANI GYVZVH ONV SNSIY HAINVO IWILII1T SSIOXI 40 AYVKHNS

86-2 318yl

WNSTHYD

16-4dY- 10




7.5.2 Uncertainties in the Human Health Risk Assessment .

As in any risk assessment, the estimates of risk for the Arrowhead Plating site have many
associated uncertainties. In general, the primary sources of uncertainty are the following:

» Environmental chemistry, sampling, and analysis;
» Fate and transport modeling;

* Exposure parameter estimation; and

* Toxicological data.

Some of the more important sources of uncertainty in this assessment are discussed below.
As a result of these uncertainties, this risk assessment should not be construed as presenting an
absolute estimate of risks to human or environmental populations. Rather, it is a generally
conservative analysis intended to indicate the potential for adverse impacts to occur.

7.5.2.1 Environmental Chemistry and Analysis

Uncertainty in the risk assessment was introduced because the additional sampling data
collected primarily in 1991 were not incorporated in to the quantitative analysis of risk. These data
were not available at the time the quantitative risk assessment was conducted. Qualitative statements
regarding implications of these additional data on risk estimates are provided in Appendix K; .
nevertheless, additional uncertainty was introduced to the quantitative risk estimates provided herein.

The new data revealed three fundamental uncertainties in the risk assessment:

* The surface water background location, ST4, was determined to be downstream of
the new MF and SF samples, which contained VOCs. Therefore the station cannot
technically be considered a background location. Nevertheless, given its distance
from MF and SF locations and the absence of VOCs or other contaminants, the
ST4 station does not appear to be affected.

¢ The presence of previously undetected compounds, such as low levels of vinyl
chloride and benzene, in ground water could increase the estimated risk associated
with the groundwater ingestion pathway.

* Additionally, the higher concentration of TCE in ground water and surface water
could also increase the risks associated with these pathways.

Analytical precision or accuracy errors can also contribute to the uncertainty associated with
estimates of exposure and risk. Careful QA/QC of the data prior to use in this risk assessment
reduces but cannot eliminate the uncertainty associated with such errors.

Arrowhead RI
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7.5.2.2 Fate and Transport Modeling ' T T

There are several sources of uncertainty associated with the wvolatilization and one-
compartment models used to estimate the transport of chemicals from soil to ambient air. Many of
these sources of uncertainty are related to the assumptions regarding model input parameters. In
most cases, conservative assumptions were made that would result in upper-bound estimates of air
concentrations. For example, for the current worker scenario, it was assumed that chemicals
volatilizing from soil all over the site are transported to the building and consequently enter the
building. This assumption yields a conservative estimate of the indoor air concentration because
factors such as wind direction, which would reduce the amount of VOCs and BNAs transported to
the building from other areas, were not taken into account. Additional assumptions which may over-
or underestimate risk were made regarding the area extent of the volatilization sources.

Assumptions made for other fate and transport pathways also contribute to the uncertainties
associated with exposure and risk estimates. For example, an important assumption in this assessment
was that chemical concentrations remain constant over the 30 year exposure period. Concentrations
of VOG:s in surface soil are likely to decrease as a result of physical processes of volatilization and
leaching through soil, while concentrations of these chemicals in ground water may increase as
leaching through soil continues.

7.5.2.3 Exposure Parameter Estimation -

Assumptions regarding exposure parameters also contribute to uncertainty in exposure
estimates and the consequent assessment of risks. For example, uncertainties are associated with
assumptions of how often, if at all, an individual would come into contact with the chemicals of
concern and the period of time over which such exposures would occur. Conservative assumptions
were made regarding periods of exposure and it is possible that these time estimates will overestimate
the risks associated with potential exposure to chemicals in the various media evaluated. For
example, in the future residential scenario, the assumption that individuals remain at their residence
24 hr/day, 365 days/yr probably overestimates exposure for a large majority of the population, but
since this could be an accurate estimate of exposure for a small fraction of the population that might
be housebound, it was conservatively used.

Other assumptions used in this assessment (e.g., ingestion of 2 L of water, 48-kg average body
weight) are assumed to represent upper bounds of potential exposure and were used in the absence
of site-specific data. Risks for certain individuals within an exposed population will be higher or
lower depending on their actual drinking water intakes, body weights, etc.

7.5.2.4 Toxicological Data

The toxicity assessment in this report also contributes to uncertainty. For example, a large
degree of uncertainty is associated with the estimated cancer risks for 1,1-dichloroethene, a Class C
carcinogen. 1,1-Dichloroethene contributed the greatest proportion of risk for the groundwater
ingestion and inhalation pathways. However, Class C carcinogens are regarded only as possible
human carcinogens and have only limited evidence of carcinogenicity. Thus, estimates of cancer risk
associated with 1,1-dichloroethene could greatly overestimate cancer risks associated with the site.

Toxicological data error is also a large source of uncertainty in this risk assessment. As the
U.S. EPA notes in its Guidelines for Carcinogenic Risk Assessment (EPA 1986b); there are major

}
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uncertainties in extrapolating both from animals to humans and from high to low doses. There are
important species differences in uptake, metabolism, and organ distribution of carcinogens, as well
as species and strain differences in target site susceptibility. Human populations are variable with
respect to genetic constitution, diet, occupational and home environment, activity patterns and other
cultural factors. The lack of inhalation criteria for some of the chemicals is also an important source
of uncertainty. For example, no criteria are available for acetone and bis(2-ethylhexyl)phthalate, both
of which are present in 3 out of 4 source areas for which inhalation estimates are calculated. The
estimated air concentrations of bis(2-ethylhexyl)phthalate, a BNA, are 2 to 6 orders of magnitude
lower than other chemicals concentrations. Thus, this chemical probably would not contribute
appreciably to overall risks. The estimated air concentrations for acetone, on the other hand, are
comparable to those of other chemicals, and therefore this chemical could potentially contribute to
overall risks associated with the inhalation pathway.

There is also a great deal of uncertainty in assessing the toxicity of a mixture of chemicals.
In this assessment, the effects of exposure to each chemical present in the environmental media have
initially been considered separately. However, these substances occur together at the site, and
individuals may be exposed to mixtures of the chemicals. Prediction of how these mixtures of
toxicants will interact must be based on an understanding of the mechanisms of such interactions.
The interactions of the individual components of chemical mixtures may occur during absorption,
distribution, metabolism, excretion, or activity at the receptor site. Individual compounds may interact
chemically, yielding a new toxic component or causing a change in the biological availability of an
existing component, or may interact by causing different effects at different receptor sites. Suitable
data are not currently available to rigorously characterize the effects of chemical mixtures similar to
those present at the Arrowhead Plating site. Consequently, as recommended by EPA, chemicals
present at the site were assumed to act additively, and potential health risks were evaluated by
summing excess cancer risks and calculating hazard indices for chemicals exhibiting carcinogenic and
noncarcinogenic effects, respectively. This approach to assessing the risk associated with chemical
mixtures assumes that there are no synergistic or antagonistic interactions among the chemicals
considered and that all chemicals have the same toxic end points and mechanisms of action. To the
extent that these assumptions are incorrect, the actual risk could be under- or over-estimated.

7.6 ENVIRONMENTAL ASSESSMENT

This section assesses the potential risks to nonhuman receptors associated with the chemicals
of potential concern at the Arrowhead Plating site. The approaches used in this environmental
assessment roughly parallel those used in human health risk assessment. In Section 7.6.1, the
environmental setting is described, potential environmental receptors are identified, and indicator
species or groups are selected for evaluation. Exposure pathways for the indicator species are
identified in Section 7.6.2, and available toxicity data are summarized in Section 7.6.3. Finally, in
Section 7.6.4, potential risks are discussed. Risk estimates are limited primarily to the population
(species) level because data on community and ecosystem level responses to environmental pollutants
generally are lacking. However, wherever possible, the implications of population level impacts on
the community or ecosystem are also discussed.

7.6.1 Receptor Characterization

In this section the plant and animal species which occur at or near the Arrowhead Plating site
are identified and indicator species or species groups are selected for further evaluation.
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7.6.1.1 Terrestrial Receptors _ .

The Arrowhead Plating site lies in a rural area of Westmoreland County, Virginia. The
majority of the onsite area is disturbed due to past or ongoing site activities. Most of the area
immediately surrounding the facility is developed or mowed, and is of limited value as potential
habitat. Terrestrial habitats surrounding the property include forests, cuitivated and abandoned fields,
and wetlands. These habitats are described briefly below.

Forests. The upland forests, which are most extensive east of the site, are dominated by
American beech, red maple, and red oak. Tulip poplar becomes a prevalent overstory species in
areas of lower elevation closer to surface water. Understory species include rhododendron, American
holly, dogwood, red cedar, cherry, birch, and Smilax spp. Cinquefoil, clover, moss, and grasses are
some of the herbs present. May apple occurs in wet drainage areas. Animals likely to inhabit the
forests include deer, raccoon, red fox, opossum, and gray squirrel. Feral dogs also reportedly inhabit
the area.

Fields. Adjacent to the northeast corner of the site boundary is a cultivated field currently
planted for corn. Other fields which were planted for hay or abandoned are located near the
property as well. These fields which contain a variety of grasses and perennial herbs such as
goldenrod, asters, and ragweed, probably provide habitat for field mice, voles, shrews, and cottontail
rabbit. Birds which inhabit field and edge habitats include meadowlark, field sparrow, and eastern
bluebird. Wild turkey were observed roosting in trees in a field near Weavers Millpond, and tracks
were present along a trail leading down to the millpond. Predatory birds such as red-tailed hawk and
osprey also occur near the site.

Wetlands. A relatively large wetland complex is located northeast of the site. It is comprised
of Scates Branch which drains directly from the site to Weavers Millpond, Reeds Swamp and
Lawrence Swamp which merge into the millpond at opposite ends, and Pierce Creek which is the
millpond’s outflow. The wetland complex potentially provides habitat for a variety of terrestrial
receptors including amphibians such as frogs and salamanders and reptiles such as turtles and snakes.
Bird species which utilize wetland habitats include mallards and black ducks, great blue heron, and
numerous songbirds.

7.6.1.2 Aguatic Receptors

Surface water in the area consists of small streams which flow into and out of the millpond
at the center of the wetland complex described above. Scates Branch and Weavers Millpond are the
two surface waters most likely to be potentially impacted by the site, because Scates Branch receives
runoff from the site, and it flows from the site directly into Weavers Millpond. It should be noted
that the environmental assessment of Scates Branch does not include its tributaries, although these
waters would be expected to have the same general characteristics. A brief description of both of
these water bodies is presented below.

Scates Branch. At its origin near the site, Scates Branch has steep banks which are relatively
unvegetated. The stream is approximately 3 to 4 inches deep in this area, and small shallow pools
occur throughout portions of the creek. The channel through which the stream flows becomes
shallow and broad near sample ST3, and the water flow slows. Based on observations during a
Clement site visit in 1990, this is believed to be the first point where flow is low enough for



suspended sediments to settle. ST4, located on a branch which joins Scates Branch below ST3, is
considered to be a background station. This tributary stream is relatively fast flowing, with a substrate
of mixed mud and sand. STS5 is located on Scates Branch after junction with the tributary. At ST6,
located where Scates Branch enters Weavers Millpond, the channel of Scates Branch becomes less
defined and is hidden by a thick growth of tall grasses and rushes.

Most of the surface water along Scates Branch is too shallow to support fish populations, and
aquatic life along this stream probably is limited to invertebrate species. A benthic survey was
conducted by VADWM on April 3, 1990 at three locations along Scates Branch (VADWM 1990).
The number of species observed during a 5 minute interval, and the relative abundance of each
species, were noted. At a location approximately 100 yards downstream of the confluence with the
lumber yard drainage, no aquatic invertebrates were observed. This is believed to be largely due to
the extreme scouring and the probable intermittent nature of the stream at this point. At a point
about 20 yards upstream of Weavers Millpond, mayflies, caddisflies, craneflies, gastropods, and
tadpoles were observed. At a location 300 yards below the millpond, mayflies, caddisflies, craneflies,
stoneflies, damselfly nymphs, midges, and amphipods were observed.

Weavers Millpond. Weavers Millpond is approximately 12 acres in size and is approximately
1 to 2 feet deep. It is high in suspended solids and is murky, with visibility limited to a few inches
beneath the surface. Floating heart is prevalent in shallow millpond. Rushes occur along the banks.
Green algae and duckweed are prevalent in the millpond, and grasses predominate along its
perimeter.

Numerous fairly large turtles, probably snapping turtles, were observed swimming in the
millpond during the site visit in October 1990. Bass reportedly live in millpond, and it is likely that
some other warmwater fish (e.g., bluegill), exist as well. Sport and commercial baitfishing occurs in
downstream portions of Pierce Creek. Blueback herring, American shad, and hickory shad are
believed to migrate through and/or spawn in Pierce Creek. Alewife and striped bass have also been
occasionally observed. Further downstream, Pierce Creek joins Nomini Creek which widens into
Nomini Bay, which contains a thriving shelifish population.

A complete list of the species that occur or are likely to occur near the Arrowhead Plating site
has been compiled by the Virginia Department of Game and Inland Fisheries and is presented in
Appendix J.

7.6.1.3 Endangered Species

Two endangered species which may utilize the area near the site were xdentxfxed based on
information obtained from the Virginia Department of Game and Inland Fisheries (see Appenchx O).
These are the state endangered eastern tiger salamander (4mbystoma tigrinum tigrinum), and the state
and Federal endangered bald eagle (Haliaeetus leucocephalus). Potential occurrence near the site,
and habitat and food preferences for these species are briefly summarized below.

Eastern tiger salamander. Salamanders of the genus Ambystoma are commonly referred to
as mole salamanders, because like moles, they stay underground most of their adult lives, emerging
mainly during rainy periods and at night (Conant 1975). They are terrestrial as adults, and feed
mainly on earthworms and other invertebrates. In the late winter or early spring, they congregate
around surface water bodies to mate and lay their eggs. They may utilize the millpond as breeding
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habitat. Scates Branch is not likely to be used as breeding habitat because of its steep, unvegetated
banks; eggs are typically deposited in large clusters onto the water’s surface, often attached to sticks
and emergent vegetation. Eggs hatch into aquatic larvae, which metamorphose into adult form
approximately 2 to 4 months after hatching (Stebbins 1962).

Bald eagle. Three bald eagle nests are reportedly located within a 4-mile radius of the site.
One nest is reported to occur near Pierce Creek less than 0.25 mile downstream from its origin at
Weavers Millpond. Another nest is reportedly located further to the northeast on Bumbers Branch
approximately 0.5 miles upstream from its juncture with Pierce Creek. A third nest at Cat Point
Creek is located across Route 3 about 3.5 miles southeast of the site. The primary food item in the
bald eagle’s diet is fish. When fish are not available, eagles will prey on small mammals such as
rodents and cottontail rabbits, as well as carrion and birds.

7.6.1.4 Selection of Indicator Species

As the previous discussion indicates, the area surrounding the Arrowhead Plating site supports
a variety of plant and animal species. Because of this diversity, it is not feasible to assess impacts to
every species potentially affected. A common approach to this problem in ecological assessments is
to select "indicator" species or species groups for detailed evaluation and to assume that impacts to
these indicators are representative of potential impacts in other species at the site. The selection of
indicator species or groups is driven by several factors, including the potential for exposure, and the
sensitivity (e.g., endangered species) or susceptibility (e.g., based on habitat requirements or foraging
strategies) to chemical exposures. Each of these factors was considered in the selection of indicators
at the Arrowhead Plating site.

Of particular concern at the Arrowhead Plating site are the bald eagle and tiger salamander,
the two endangered species that occur or may occur near the site. Bald eagles are top predators, and
could be exposed to chemicals that accumulate through the food chain. Since the main constituent
in the bald eagles’ diet is fish, they may be exposed to chemicals which have accumulated in fish
tissue. However, none of the chemicals of concern in surface water at the site accumulate
appreciably in fish [bioconcentrations factors range from 1 (copper) (EPA 1985a) to 136 (aluminum)
(EPA 1988a)]. Furthermore, because eagles have a very large foraging range (i.e., tens of square
miles) and because of the limited availability of fish in surface water near the site (i.e., only in
Weavers Millpond), bald eagles are not likely to be exposed to any appreciable extent to chemicals
associated with the Arrowhead Plating site. Therefore, they are not selected as an indicator species
for evaluation.

The threatened eastern tiger salamander is much more likely than bald eagles to be
significantly exposed to chemicals associated with the site. Although terrestrial as adults, the embryo-
larval stage is aquatic, and therefore could be exposed directly to chemicals in surface water. Because
of the potential for significant exposure, and because of its state endangered status, the eastern tiger
salamander is selected as an indicator species.

Agquatic organisms are considered to be excellent indicators of the health of an ecosystem.
Unlike terrestrial animals whose range can include a large number of food and water sources, an
aquatic organism’s habitat is generally limited to a particular lake, pond, or river system. Because
their movement is generally restricted to the aquatic system they inhabit, aquatic receptors are more
susceptible than most terrestrial species to exposure to chemicals in surface water. Therefore, aquatic
receptors as a group are selected as indicators. .

.
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Terrestrial receptors could be exposed to chemicals by a variety of pathways (e.g., ingestion
of soil or sediment while foraging or grooming, ingestion of food that has accumulated chemicals,
inhalation of airborne chemicals). Although the area surrounding the site property contains a
diversity of habitats, the disturbed area onsite is not likely to provide habitat or food source for a
significant portion of the local wildlife communities. The chemicals of concern at the Arrowhead
Plating site do not bioaccumulate extensively, so terrestrial wildlife also is not likely to be significantly
exposed via ingestion of contaminated food. The range of terrestrial receptors is generally less
restricted than that of aquatic receptors, and they are not likely to be continually exposed to
chemicals as are aquatic receptors. Therefore, no terrestrial receptors are selected as indicator
species, and the focus of this assessment will be on aquatic receptors.

7.6.2 Potential Exposure Pathways ‘
|
In this section, the pathways by which the selected indicator Sp«:c1es may be exposed to
chemicals of potential concern at the Arrowhead Plating site are discussed.

7.6.2.1 Aquatic Receptors

Aquatic organisms may be exposed to chemicals of potential concern by direct contact with
water and sediment and by ingestion of sediments and food containing chemicals of potential concern.
However, exposure and toxicity data (dose-response correlations) are seldom available to assess
exposure via all of these pathways. Direct contact with water (e.g., respiration) and sediments are
generally the only pathways for which toxicity and risk estimates can be determined. In this
assessment, impacts to aquatic life via direct contact with surface water will be evaluated
quantitatively. Impacts via direct contact with sediment will be evaluated for those chemicals with
available toxicity data.

7.6.2.2 Amphibians (Eastern Tiger Salamander)

Amphibians are susceptible to chemicals in surface water during their aquatic embryo-larval
stage. They may be exposed via direct contact with water during the aquatic embryo-larval stage, and
via dermal contact with and ingestion of water, sediment, and soil during the terrestrial adult stage.
The aquatic embryo-larval stages of amphibians have been shown to be more sensitive to toxic effects
of chemicals than the adult stage (Birge et al. 1979). Therefore, impacts to amphibians from
exposure of the embryo-larval stage to chemicals in surface water and sedirment will be evaluated for
those chemicals with available toxicity data. Sample stations ST1 through ST3 do not provide suitable
breeding habitat for amphibians (i.c., the banks in these locations are steep and unvegetated);
therefore, only surface water and sediment concentrations from ST5 through ST7 will be used in
evaluating impacts to the eastern tiger salamander.

7.6.3 Toxicity of Chemicals of Potential Concern

This section briefly summarizes toxicity data for the chemicals of potential concern and
receptors (i.e., aquatic life and amphibians) selected for quantitative evaluation. The procedures used
to select critical toxicity values for aquatic life and amphibians are summarized below. Then data
regarding toxicity of chemicals in surface water (and sediment where available) are presented for
these receptors. '

|
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Aquatic Life. Chemical-specific ambient water quality criteria (AWQC) have been established
by the EPA (1986¢) for the protection of aquatic life. These criteria are developed to be protective
of 95% of all aquatic species. Not only are fish protected, but aquatic invertebrates and plants are
protected as well. Acute AWQC concentrations are intended to be protective against short-term
effects such as lethality, and chronic AWQC concentrations are intended to be protective against
long-term effects such as impaired reproductive capacity. If the measured one-hour chemical
concentration in a particular water body does not exceed the acute AWQC for that chemical, and if
the measured 4-day average concentration does not exceed the chronic AWQC, then neither acute
nor chronic toxic effects are likely to be observed in the aquatic communities in that water body.

For some inorganic chemicals, toxicity to aquatic life is dependent upon hardness of the
surface water, and criteria are presented in the form of an equation which includes water hardness.
The geometric mean water hardness at stations ST1 through ST7 was calculated to be 39 mg/L as
CaCO5; The equations, which are based on regression analysis, are valid only down to a water
hardness of 50 mg/L. as CaCOg; for water hardnesses below 50 mg/L, EPA recommends usmg the
criteria that correspond to a hardness of 50 mg/L as CaCO Therefore, for those inorganics with
hardness-dependent criteria, a hardness of 50 mg/L as CaCO3 was used to calculate the criteria.

If AWQC:s have not been established for a particular chemical, then available toxicity data are
used to derive critical toxicity criteria. Median lethal concentrations (LCsgs), acute no-observed-
effect concentrations (NOECs), or lowest-observed-effect concentrations (LOECs) are used to derive
the acute toxicity criteria, and chronic NOECs or LOECs are used to derive the chronic values. A
NOEUC is used preferentially if available since it represents the concentration at which no adverse
effect was observed. In the absence of a NOEC, if LOEC or LCs, values are available for four or
more genera, then no uncertainty factor is applied to these values; otherwise a factor (divisor) of 10
is applied to provide a reasonable margin of safety. The uncertainty factors are arbitrary values used
to reflect the uncertainty in the estimates of the "safe" exposure level. The use of these uncertainty
factors is based on an analysis of dose-response data performed by EPA which was used to evaluate
potential effects of pesticides on wildlife (Urban and Cook 1986). -

If no chronic toxicity data are available for an organic chemical (e.g., 1,2-dichloroethene), a
chronic toxicity value is derived by dividing the lowest LCs by an acute-to-chronic ratio (ACR) that
also takes into account interspecies differences in sensitivity. This ACR was derived by Kenaga
(1982) and further supported by the work of Call et al. (1985). Because this work only evaluated
ACRs for industrial organic chemicals, it is not appropriate to apply it to inorganic chemicals (e.g.,
potassium).

Criteria similar to AWQCs have not yet been developed for chemicals in sediments. However,
limited data are available which report effects in terms of EC5gs or NOECs. No uncertainty factors
are used to derive sediment critical toxicity values, because an analysis of dose-response data for
chemicals in sediments has not been performed, and appropriate uncertainty factors are not known.

Amphibians (Eastern Tiger Salamander). Toxicity data for salamanders are limited. Critical
toxicity values for embryo-larval stage salamanders exposed to surface water are derived from the
available data by applying an appropriate uncertainty factor. The available data are generally
reported as LCsos or median effect concentrations (ECygs). As described above for aquatic life, an

§ Stephan, €. 1990. Personal communication, EPA Environmental Research Laboratory, Duluth, MN, April 1990.
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uncertainty factor of 10 is applied to these data to provide a reasonable margin of safety for most
species. An additional uncertainty factor of 2 is applied in order to provide a greater protection level
for the endangered species (Urban and Cook 1986). :

The toxicity of these chemicals to aquatic organisms and amphibians is briefly summarized
below. Critical toxicity values, which will be used to estimate the potential impacts to aquatic life and
amphibians, are identified or derived. Table 7-59 summarizes the critical toxicity values presented
in this section.

7.6.3.1 Aluminum

The aquatic toxicity of aluminum is thought to be due to the soluble inorganic forms.
Aluminum is amphoteric with minimum solubility at approximately pH 5.5. As pH increases and
decreases from 5.5, aluminum solubility increases. Freeman and Everhardt (1971) and Hunter et al.
(1980) found that as pH increases, aluminum toxicity to rainbow trout increases. However, Call
(1984), Boyd (1979), and Kimball (manuscript) found the opposite in tests using fathead minnows.

Chronic toxicity of aluminum has been tested with Daphnia magna (Kimball manuscript) which
was found to have a chronic value of 1,388 pg/L after 28 days. Reduced growth rate at a
concentration of 7,100 pg/L was reported by Kimball (manuscript) in 28-day (posthatch) embryo-
larval tests using fathead minnows. Tests for aquatic phytotoxicity using the alga Selanastrum capri-
comutum found it sensitive to aluminum at a concentration of 460 pg/L (Call 1984).

The acute AWQC for aluminum is 750 pg/L and the chronic AWQC is 87 ug/L (EPA 1988a).
These values will be used to evaluate potential impacts to aquatic life.

Birge et al. (1978 in EPA 1988a) reported an 8-day EC5, (median effect concentration) based
on death and deformity of 2,280 ug/L for the marbled salamander Ambystoma opacum. By applying
an uncertainty factor (divisor) of 20 to this value (10 because it is an ECSO, and 2 to provide extra
protection to an endangered species), a critical toxicity value of 114 pg/L is derived. This value will
be used to evaluate potential impacts of aluminum to the eastern tiger salamander.

7.6.3.2 Bis(2-ethylhexyl) phthalate

Daphnia magna exposed to bis(2-ethylhexyl)phthalate (DEHP) had an LCjy of 11,000 pg/L.
Chronic toxicity was observed at 8.4 pg/L in rainbow trout (EPA 1987). Daphnia magna had
significant adverse reproductive effects at 3 pg/L. (EPA 1987). EPA (1987) has proposed acute and
chronic AWQGCs of 400 and 360 pg/L, respectively (see also Federal Register Vol. 55 No. 93,
5/14/90—Notices). These AWQCs will be used to estimate potential impacts of DEHP to aquatic
life. No amphibian toxicity data were available which relate water concentrations of DEHP with toxic
effects.

Barrick and Beller (1989) report apparent effects thresholds (AETs) of 60 mg/kg DEHP in
sediment for both oysters and benthic invertebrates, and an AET of 78 mg/kg DEHP in sediment for
amphipods. The lowest AET of 60 mg/kg will be used to estimate potential lmpacts of DEHP in
sediment to aquatic life.
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TABLE 7-59

CRITICAL TOXICITY VALUES FOR INDICATOR SPECIES AT THE ARROWHEAD PLATING SITE (a)

Aquatic Life (ug/l) Salamader
Surface
Water (ug/l)
------------------ Sediment Surface

Chemical Chronic Acute (mg/kg) Water (ug/l)
Organics:

Acetone -- -- NA --

Benzoic acid -~ -- NA .-

Bis(2-ethylhexyl)phthalate 360 400 60 NA

1,2-Dichloroethene (total) 46.4 1,160 NA NA

Methyl ethyl ketone -- -- NA .-

Tetrachloroethene 84 528 >22 NA

Trichloroethene 2,190 4,500 NA NA
Inorganics:

Aluminum 87 750 -- 114

Calcium 92,000 NA NA NA

Copper (b) 6.5 9.2 -- 38

Cyanide 5.2 22 -- NA

Iron 1,000 NA -- NA

Nickel -- -- >140 --

Potassium NA 373,000 -- NA

Sodium NA NA NA NA

(a) See text for source of values.

(b) Toxicity of this chemical is dependent upon water hardness. Refer to text for
equations used to calculate criteria.
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An ECq; of 150 mg/kg DEHP in sediment was reported for hatchability of moorfrog (Rana
arvalis) eggs. Tadpoles which hatched successfully were not adversely affected (Larsson and Thuren
1987). This sediment value will be used to evaluate potential impacts of DEHP to amphibians.

7.6.3.3 Calcium

Calcium is not highly toxic to aquatic life, and therefore EPA has not established protective
criteria for calcium. Calcium is one of the polyvalent metallic ions which define water hardness.
Thus calcium indirectly affects the toxicity of those chemicals whose toxicity is dependent on water
hardness (copper, lead, nickel, silver, and zinc). The following 96-Hour LCsgs were reported in NAS
(1973): 160,000 pg/L for Gambusia affinis (Wallen et al. 1957), 9,500,000 pg/L for bluegill sunfish
(Lepomis macrochirus) (Cairns, Jr. and Scheier 1959), 3,130,000 pg/L for Nitzschia linearis (5-days)
(Patrick et al. 1968), and 7,752,000 ug/L for Carassius auratus (1-day) (Jones 1957). Dowden and
Bennett (1965) reported a 1-day LCs of 3,526,000 pg/L for Daphnia magna. They also report LCsqs
for snail eggs (Lymnaea sp.) of 4,485,000, 3,094,000, and 2,373,000 pg/L, following 1-, 2-, and 3-day
exposures, respectively. Because data are available for 4 genera, the lowest LCs of 160,000 pg/L
is selected as an acute critical toxicity value. Thresholds of immobilization ranging from 920,000 pg/L
for Daphnia magna to 22,080,000 pg/L for white fish (sp. not given). By applying an uncertainty
factor of 10 to 920,000 pg/L (which is the lowest threshold of immobilization and assumed to be
similar to a LOEC), a chronic critical toxicity value of 92,000 pg/L is derived. These values will be
used to evaluate potential impacts to aquatic life. Data regarding sediment toxicity were not located,
nor were data regarding toxicity to amphibians. ‘

7.6.3.4 Copper

The primary mechanism of copper toxicity in aquatic organisms is osmoregulatory disruption
and failure (Rand and Petrocelli 1985). Copper toxicity decreases with increasing water hardness.
Data suggest that acclimation increases tolerance to copper. EPA (1986¢2) recommended that the
4-da average concentration of copper (in pg/L) should not exceed the value given by
¢(0-8545(In(hardness)]-1.465) 5 the 1-hour average concentration should not exceed the value given by
¢(0-942[In(hardness)}-1464) -~ The values corresponding to the 4-day and 1-hour average concentrations
at a water hardness of 50 mg/L. CaCO; are 6.5 and 9.2 pg/L, respectively. These two values are
selected as critical toxicity values for evaluating impacts of copper to aquatic life. '

An ECs of 770 pg/L was reported in EPA 1985a for the marbled salamander (Ambystoma
opacum) following 8 days of exposure. By applying an uncertainty factor of 20, a critical toxicity value
of 38 pg/L is derived. This value will be used to evaluate impacts of copper to amphibians.

7.6.3.5 Cyanide

The toxicity of cyanide to aquatic organisms is mainly due to the HCN species. At high

- concentrations, cyanide has induced death in aquatic invertebrates and fish following acute exposures,
and following chronic exposures, can decrease reproduction, impair swimming ability, increase
respiration, disrupt osmo- and iono-regulation, and induce histopathological effects in fish (EPA
1985c). While long-term survival and growth of various freshwater fish species are known to be
substantially reduced under conditions of 20-50 pg/L free cyanide, no accumulation or biomagnifi-
cation in the food chain has been demonstrated (Towill et al. 1978, EPA 1985d). Also, field studies
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have demonstrated that despite cyanide-induced mortality among invertebrate fauna, populations of
these organisms can rapidly recover in lakes treated with cyanide (Leduc et al. 1973).

EPA (1985c¢) has established for aquatic organisms and their uses a continuous concentration
criterion of 5.2 pg/L and a 1-hour concentration criterion of 22 pg/L for cyanide. These values will
be used to evaluate impacts of cyanide to aquatic organisms. No data regarding toxicity to amphibians
were available.

7.6.3.6 1,2-Dichloroethene

Limited information is available on the environmental toxicity of dichloroethenes. The
location of the chlorine atoms on the molecule does not greatly affect the acute toxicity of
dichloroethene (DCE). Bluegill were tested by the EPA (1978) with both 1,1- and 1,2-DCE under
similar conditions and the 96-hour LCs, values under static conditions were 73,900 and 135,000 pg/L
respectively. The LOEC for acute toxicity reported by EPA (1986¢) is 11,600 pg/L, which is reported
for 1,1-DCE. By applying an uncertainty factor of 10 to this value, an acute critical toxicity value of
1,160 pg/L is derived. A LOEC for chronic toxicity was not available. By applying an ACR of 25
to the measured acute LOEC of 11,600 pg/L, an estimated chronic toxicity value of 464 pg/L is
calculated. Applying an uncertainty factor of 10 results in a chronic critical toxicity value of 46.4 pg/L
The acute LOEC of 1,160 pg/L and the estimated chronic value of 46.4 pg/L are selected as critical
toxicity values for estimating impacts to aquatic life. No data regarding sediment toxicity or toxicity
to amphibians were located in the literature.

7.6.3.7 Iron

Ferrous (Fe*?) and ferric (Fe+3) iron are the species of concern in aquatic systems, although
ferric iron is practically insoluble (EPA 1986¢e). Iron concentrations of 1,000-2,000 pg/L were lethal
to Northern pike (Esox Ilucius) and trout (species not known) (Doudoroff and Katz 1953).
Precipitates of iron coat the gills and inhibit oxygen uptake, and also create a smothering effect
detrimental to fish eggs and bottom-dwelling organisms. EPA has established an AWQC for iron of
1,000 pg/L (EPA 1986¢). This value is selected as the critical toxicity value for estimation of impacts
to aquatic life.

7.6.3.8 Potassium

Potassium is a major cation in aquatic systems and is a required micronutrient for some aquatic
species (Wetzel 1975). LCs values of 679,000, 940,000, 1,941,000, and 4,200,000 pg/L. have been
reported for potassium chloride in Daphnia magna, bluegill Lepomis macrochirus, snail species
(Lymnaea), and mosquitofish Gambusia affinis, respectively (NAS 1973). A threshold of
immobilization has been reported as 373,000 ug/L potassium chloride for Daphnia magna (NAS
1973). No AWQC for the protection of freshwater aquatic life have been established for potassium,
due to its relatively low toxicity. Because acute toxicity data are available for more than 4 genera,
the lowest LCsq of 679,000 ug/L is selected as the acute critical toxicity value. The acute to chronic
ratio of 25 is not used for potassium because it applies only to organic chemicals. Data regarding
toxicity to amphibians were not available.
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7.6.3.9 Sodium

Sodium is not very toxic to aquatic life. The main toxic effect of excess amounts of sodium
is the disruption of osmotic balance in freshwater aquatic organisms. Sodium is one of the major
cations that define salinity. The range of salinities an organism can exist in varies among species;
some species can tolerate wide variations in the salt concentration of the water in which they exist,
while others have a limited tolerance to such variations. Anadromous fish, which generally live in salt
water and migrate into freshwater to spawn, undergo chemical changes to adapt to the decrease in
salinity (Schmidt-Nielsen 1983). No AWQC have been established for the protection of aquatic life,
nor were other toxicity data available.

7.6.3.10 Tetrachloroethene

An ambient water quality criterion has not been established for tetrachloroethene. The
LOEQC:s for acute and chronic toxicity to freshwater aquatic life are 5,280 and 840 pg/L, respectively
(EPA 1986¢€). The chronic LOEC is based on an embryo-larval test performed with fathead minnows
(Pimephales promelas) that gave a Maximum Acceptable Toxicant Concentration (MATC) of
840 pg/L (EPA 1980a). Applying an uncertainty factor of 10 to these values yields acute and chronic
toxicity values of 528 and 84 pg/L, respectively. No data regarding amphibian toxicity were reported.

Barrick and Beller (1989) reported sediment values in terms of AETs. They report an AET
of >22 mg/kg (in dry weight) for benthic invertebrates, amphipods, and oysters. This AET will be
used as a critical toxicity value for sediment in evaluating impacts to aquatic life.

7.6.3.11 Trichloroethene

Insufficient data are available to establish an ambient water quality criteria (EPA 1986e). TCE
has shown acute toxicity to freshwater aquatic life at a concentration as low as 45,000 pg/L and acute
toxicity could occur at lower concentrations with more sensitive species (EPA 1986e). The chronic
LOEC is 21,900 pg/L (EPA 1986¢). By applying an uncertainty factor of 10 to these values yields
acute and chronic toxicity values of 4,500 and 2,190 pg/L, respectively. No data regarding sediment
toxicity or toxicity to amphibians were located.

7.6.4 Risk Characterization

This section presents a discussion of the potential risks to aquatic life and amphibians
associated with exposure to chemicals of potential concern.

7.6.4.1 Risks to Aquatic Life

Risks to aquatic life are evaluated below by comparing surface water and sediment
concentrations with critical toxicity values. In addition, the results of three toxicity tests conducted
to support the field investigation are discussed.

Surface Water. A comparison of aquatic toxicity values and estimated exposure concentrations
is given in Table 7-60. None of the organic chemical concentrations in the surface waters exceed
the toxicity criteria for these chemicals. Of the inorganic chemicals for which criteria are available,
aluminum and copper concentrations exceed both acute and chronic criteria. The exposure point
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TABLE 7-60

COMPARISON OF SURFACE WATER CONCENTRATIONS WITH
AQUATIC LIFE CRITICAL TOXICITY VALUES

(Concentrations in ug/l)

Critical Toxicity
Value (b)
EXpOSUre Point .............. [y,

Chemical Concentration (a) Chronic Acute

Organics:
Bis(2-ethylhexyl)phthalate 9.5 360 400
1,2-Dichloroethene (total) 25 46.4 1,160
Tetrachloroethene 37.8 84 528
Trichloroethene 34 2,190 4,500

Inorganics:
Aluminum 2,395 87 750
Calcium 19,025 92,000 160,000
Copper 10.8 6.5 9.2
Cyanide 12 5.2 22
Iron 5,100 1,000 NA
Potassium 7,700 NA 373,000
Sodium 106,800 NA NA

(a) Each concentration listed is the lower of the upper 95th percent
confidence Limit on the arithmetic mean and the maximum detected
concentration.

(b) In absence of AWQC, lowest observed effect concentrations (LOEC) are
presented, if available, to provide an estimate of relative toxicity.

(c) No toxicity values were available for 1,2-dichloroethene; the value
presented here is for 1,1-dichloroethene.

(d) Toxicity of these chemicals is dependent upon water hardness. Refer to
text for equations used to calculate criteria.
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concentration for aluminum is over three times higher than the acute toxicity criterion and over 25
times higher than the chronic criterion for this chemical. However, the aluminum concentration of
380 pg/L in the background sample (ST4) also exceeds the chronic criterion. For copper, the
exposure point concentration is higher than the toxicity criteria but within the same order of
magnitude. The exposure point concentration for cyanide is within the acute criterion but exceeds
the chronic criterion (although it is within the same order of magnitude). The exposure point
concentration for iron is five times the AWQC for this chemical. The iron concentration in the
background sample also exceeds this chemical’s AWQC. The elevated concentrations of iron and
aluminum in the background sample are probably indicative of local surface water conditions.
Although EPA has not established AWQC for sodium, it is an important major cation in aquatic
systems and is not considered highly toxic.

It must be noted that the AWQC are conservative values which are intended to be protective
of aquatic life. Exceedance of the AWQC does not mean that organisms in a particular surface water
body are being negatively impacted; it simply means that there is the potential for negative impacts
to some species.

Sediment. Criteria similar to AWQC have not yet been established for sediment. Table 7-61
presents a comparison of sediment concentrations with the three available sediment toxicity values.
As shown in this table, exposure point concentrations are one to three orders of magnitude below

. the sediment toxicity values. Since the toxicity values are not exceeded, adverse impacts from
exposure to sediments are not expected.

Toxicity Test Results. In addition to a chemical analysis of surface water and sediment
samples, aquatic toxicity tests also were performed to determine whether the chemicals in these media
have the potential to affect survival, growth, or reproduction of aquatic organisms.

Toxicity tests were performed using two aquatic organisms: the fathead minnow (Pimephales
promelas) and the invertebrate waterflea Ceriodaphnia dubia. Two types of analyses were performed:
the 7-day fathead minnow survival and growth toxicity test, and the 7-day C. dubia survival and
reproductive toxicity test. The general methodology for the two tests is similar, in that organisms
were maintained in surface water samples or laboratory control water for 7 days, and survival and
growth (minnows) or reproductive success (C. dubia) were monitored. A statistical comparison of
the data was then performed to determine whether survival and growth or reproductive success of
the organisms differed significantly between sample and control groups.

Fathead minnows were divided into three groups and maintained for 7 days in (1) surface
water collected from ST1, (2) surface water collected from ST6, or (3) laboratory control water.
Results of the fathead minnow test, summarized in Table 7-62, showed no significant difference in
survival or growth between the test and control groups.

In the C. dubia test, organisms were maintained for 7 days in surface water from ST1, surface
water from ST6, or laboratory control water. The results of the C. dubia tests, also summarized in
Table 7-62, showed no effect on survival but significantly decreased reproduction in both ST1 and
STé6 surface water samples relative to the laboratory control.

In addition to the tests using surface water, a C. dubia test also was performed in which
organisms were exposed to sediment elutriate obtained from either ST1, ST6, ST4, or a laboratory

T
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TABLE 7-61

COMPARISON OF SEDIMENT CONCENTRATIONS WITH
AQUATIC LIFE TOXICITY VALUES (a)

Exposure Point Aquatic Life
i Concentration Toxicity Value

Chemical (mg/kg) (mg/kg) (b)
Organics:

Bis(2-ethylhexyl)phthalate 0.35 60

Tetrachloroethene 0.008 >22

" Inorganics:
Nickel 9.2 >140

(a) Chemicals of concern which are not presented due to lack of
toxicity data are: acetone, benzoic acid, calcium, 1,2-dichloro-
ethene, methyl ethyl ketone, sodium, and trichloroethene.

Arrowhead RI

7-99 AR3 (599"




16-Apr-91 aquatox.wkl

TABLE 7-62
RESULTS OF AQUATIC TOXICITY TESTS

(7-Day Fathead Minnow Larval Survival and Grewth Test and
7-day Ceriodaphnia dubia Reproductive Toxicity Test)

Fathead Minnow Toxicity Test (a)

Surface Water

LOCATION: ST-1 ST-6  LABGRATORY
CONTROL
pH: 7.5 7.2 8.2
% SURVIVAL: 87.5 92.5 87.5
% GROWTH: 80.7 82.8 79.5

Ceriodaphnia dubia Toxicity Tests

Surface Water

LABORATORY
LOCATION: ST-1 sT-6 CONTROL
pH: 7.5 7 8.1

% SURVIVAL: 90 100 100
MEAN # OFFSPRING: 9.9 * 8.2 * 17.9

Sediment Elutriate

.......................................................

ST-1 ST-6 FIELD LABORATORY
CONTROL CONTROL
LOCATION: (ST-4)
pH: 7.5 5.9 4.4 8.1
% SURVIVAL: 40 * 70 0 * 100
MEAN # OFFSPRING: 6.2 * 1.9°* 0 * 17.9

(a) Fathead minnow test was not performed for sediment elutriate.
* = Significantly below laboratory control results.
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control. Tests using sediment.elutriate showed significantly decreased survival and reproduction in
C. dubia in all three elutriate samples when compared with the laboratory control. In these tests, the
pH values of the sample elutriate at both ST4 and ST6 were unusually low (4.4 and 5.9, respectively).
It is probable that the low pH contributed to the negative results for these two samples; however,
negative results were also observed in the ST1 sample, which had a pH of 7.5.

" The overall results from the toxicity test indicate that effects to aquatic populations may be
occurring in surface water near the site because of direct discharge of ground water to the tributaries.

7.6.4.2 Risk to Amphibians

A comparison of amphibian critical toxicity values (available only for aluminum and copper)
and surface water exposure point concentrations (averaged from STS5, 6, and 7) is presented in
Table 7-63. The exposure point concentration for copper is lower than the toxicity value, but the
exposure point concentration for aluminum exceeds the toxicity value. In addition, a sediment critical
toxicity value of 150 mg/kg was derived for DEHP. The arithmetic mean concentration for DEHP
is 0.3 mg/kg. Since this concentration is well below the critical toxicity value of 150 mg/kg, potential
adverse impacts to amphibians probably should not be attributed to the presence of DEHP in
sediment. Because the aluminum concentration in water exceeds the critical toxicity value, the
potential exists for adverse impacts to embryo-larval stages of amphibians, including the state
endangered eastern tiger salamander, due to the current surface water conditions near the Arrowhead
Plating site. -

7.7 SUMMARY AND CONCLUSIONS

The risk assessment conducted for the Arrowhead Plating site is a baseline assessment that
addresses potential hazards to human health and the environment posed by contamination in the site
study areas in the absence of any further remedial actions. The purpose of a baseline assessment is
to.provide information to aid in the determination of whether remedial actions should be undertaken.

The main components and results of the human health assessment are summarized below in
Sections 7.7.1 through 7.7.3. The conclusions of the environmental assessment are summarized in
Section 7.7.4.

7.7.1 Chemicals of Potential Concern

Based on an evaluation of the RI sampling results, chemicals of potential concern (chemicals
to be evaluated in the risk assessment) were identified. Chemicals of potential concern included
several VOCs and a number of inorganic chemicals, and were identified in surface and subsurface soil,
ground water, surface water, and sediment. Ground water contained the greatest number of
chemicals of potential concern. As previously noted, this assessment did not include the additional
1991 data.

7.7.2 Human Exposure Pathways

Potential human exposure pathways were selected for evaluation under both current and future
land-use conditions. The exposure pathways which were evaluated quantitatively are:

Arrowhead RI
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TABLE 7-63

COMPARISON OF SURFACE WATER CONCENTRATIONS WITH
AMPHIBIAN CRITICAL TOXICITY VALUES

(Concentrations in ug/l)

Exposure Point Amphibian
Concentration Critical
Chemical (ug/l) (a) Toxicity Value
Organics: f
Bis(2-ethylhexyl)phthalate ND (10-18) NA
1,2-Dichioroethene (total) ND (5) NA
Tetrachloroethene ND (5) NA
Trichloroethene ND (5) NA
Inorganics:
Aluminum 516 114
Calcium 4,630 NA
Copper 3.2 38
Cyanide ND(10) NA
Iron 3,160 NA
Potassium 3,030 NA
Sodium 9,420 NA

(a) Each concentration is the arithmetic mean of concentrations measured
in §T-5, -6, and -7 during the 2 sampling rounds.

ND
NA

Not detected. Detection limits in parentheses.
Not available.

Arrowhead RI
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* Ground water—ingestion by future residents;

* Air—inhalation of chemicals that volatilize from surface soil to ambient air by
current workers and by future residents;

» Soil—incidental ingestion and dermal contact with chemicals in surface soil by
future residents;

* Surface water and Sediment——dermal contact with chemicals in surface water and
sediment by playing children.

Exposure scenarios for each of the potential exposure pathways shown above were developed,
and concentrations of chemicals to which populations might be exposed (exposure point concentra-
tions) were determined. No ambient air samples were collected as part of the RI sampling; therefore,
for the inhalation pathways, air concentrations at the exposure points were estimated based on
measured surface soil concentrations. For the other exposure pathways quantitatively evaluated,
exposure point concentrations were assumed to be the concentrations detected during 1990 RI
sampling of various media. In the absence of other information, concentrations in the exposure
medium were assumed to remain constant over the duration of exposure.

7.7.3 Risk Characterization

The calculation of risk for the exposure pathways selected to be assessed quantitatively
involves estimating intakes by potentially exposed populations based on the assumed exposure
scenario. These intakes are then combined with reference doses (RfDs, defined as acceptable daily
doses for noncarcinogens) or slope factors (for potential carcinogens) to derive estimates of
noncarcinogenic hazard or excess lifetime cancer risks of the potentially exposed populations.

Based on recent EPA guidance on risk assessment (EPA 1989a), intakes were quantified by
estimating the RME associated with the pathway of concern. The RME is intended to represent a
possible upper bound exposure to a typical individual and is combined with upper bound toxicity
criteria to estimate risks.

Based on the exposure and risk analyses presented in the previous sections, the conclusions
of the quantitative risk assessment are as follows:

* Ground water—For potential future residents ingesting ground water from the
Arrowhead Plating site, the lifetime upper bound excess cancer risk is 8x1072. This
risk is attributable primarily to 1,1-dichloroethene, tetrachloroethene, and
trichloroethene. This risk exceeds the target risk range of 10° to 10* at
Superfund sites (EPA 1990b). The hazard index exceeds one due primarily to the
liver toxicants 1,1-dichloroethene, tetrachioroethene, 1,1,1-trichloroethane, and
trichloroethene.

*  Air—For workers in the manufacturing building, the cancer risk is 1x10”. For
future residents, the upper bound excess lifetime cancer risks range from 4x10”
to 1x107. The hazard indices for air exposures to both workers and future
residents do not exceed one in any case.

TR
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* Surface Soil—For potential future residents exposed to chemicals in surface soil,
the upper bound excess lifetime cancer rrsk from both incidental ingestion and
dermal contact ranges from 1x10” t0 2x10”7. The hazard indices are all less than
one. :

* Surface water and Sediment——For children wading in surface water, the upper
bound excess lifetime cancer risk associated with dermal contact with surface water
and sediment is 8x10”. The hazard index is less than one.

7.7.4 Environmental Assessment

The steps in an environmental assessment are similar to those for human health risk
assessment. In this assessment, environmental receptors were first identified. Two species of special
concern, the federal endangered bald eagle, and the state endangered eastern tiger salamander, were
identified as potential receptors near the site. Indicator species or species groups were then selected
based primarily on the potential for significant exposure. The potential for exposure of most
terrestrial animals is considered minimal because the chemicals present at the Arrowhead Plating site
show little potential to bioaccumulate. This is particularly important for top predators such as the
endangered bald eagle. Two species or species groups with the highest potential for significant
exposure are aquatic life as a group and the state endangered eastern tiger salamander These were
selected as indicator specres at the Arrowhead Plating site.

Potential exposure pathways for the indicator species were evaluated to determine the
likelihood of negative effects from site-related chemicals. Exposure pathways selected for
quantification for aquatic life included direct contact with surface water and sediment. The state
endangered eastern tiger salamander is terrestrial in adult form, but it deposits eggs into surface water
where they hatch into aquatic larvae. These larvae are considered more sensitive than adults to
chemicals in surface water. Therefore, the exposure pathways selected for quantification for the
salamander were direct contact of the aquatic embryo-larval stage with surface water and sediment.
Different exposure point concentrations were calculated for the salamander because potential
breeding habitat exists only at ST5, 6, and 7.

Because AWQCs were exceeded for several inorganic chemicals, it is possible that aquatic life
in surface water near the Arrowhead Plating site may experience negative impacts from the presence
of these chemicals in surface water. Furthermore, based on concentrations relative to available
amphibian toxicity values, it is possible that immature life stages of some amphibians could be
adversely impacted by chemicals in surface water. The one available sediment toxicity value for
amphibians (for bis[2-ethylhexyl]phthalate) was not exceeded by the exposure point concentration.
Because the background concentrations for some of the inorganic chemicals also exceed toxicity
values, adverse impacts to amphibians and aquatic life could be a more widespread problem.

7.7.5 Summary of Findings Based on 1991 Data

From the review of the additional data, it was concluded that impacts on the risk assessment
were as follows:
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Current Site Use.

* From a human health risk perspective, no receptors exist. Therefore, the
additional data do not have an impact on human health risks under current site use
conditions;

* From an environmental risk perspective, the results of the risk assessment are not
impacted further by the new tributary data because the presence of VOCs is
limited in extent and does not persist in downstream locations;

Future Site Use.

» Estimated risks for surface and subsurface soils were not impacted by the additional
data because (1) surface soil data were within the range of the detected concentra-
tions used in the risk assessment, and (2) no significant pathway for exposure to
subsurface soil was identified;

* The quantitative risk estimate for the ingestion of ground water was calculated
herein to be fairly high. Inclusion of the additional data would increase this risk
estimate. Given that the potential risks associated with the groundwater pathway

-'were already found to be unacceptable, inclusion of the additional data from the
“quantitative analysis would not impact the overall result of the RI, namely, the
need for groundwater remediation; and

* The additional data indicated the presence of VOCs in the surface water and
sediments of the midfork and south fork tributaries of Scates Branch. Because
these VOCs do not significantly persist downstream in these tributaries, adverse
impacts on the estimated risks would be minimal.

In conclusion, although the additional data have some impact on the quantitative risk estimate
(as indicated above and as further discussed in Appendix K), these data do not significantly impact
the conclusions of the Baseline Risk Assessment presented in this section.
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8. SUMMARY OF REMEDIAL INVESTIGATION

The RI at the Arrowhead Plating site has identified source areas, defined the nature and
extent of contamination, assessed the rate and mechanisms of mlgratlon and evaluated the potential
threat to human health and the environment. As described in Section 3, the field mvestlgatxon
activities conducted to meet these objectives included completion of soil borings with soil sampling,
installation and sampling of monitoring wells, surface soil sampling, surface water and sediment
sampling, and aquifer testing. A summary of the hydrogeologic data was presented in Section 4 of
this report, and analytical data were provided in Section 5. The overall assessment of contamination
was described in Section 6, and Section 7 presented the risk assessment. Therefore, the purpose of
this section is to briefly summarize the conclusions, describe the identified data limitations and
suggested future work, and provide a preliminary discussion of remedial actions.

8.1 SUMMARY OF FINDINGS

Past site operations have resulted in VOC contamination in ground water as well as the limited
presence of elevated concentrations of cyanide and selected inorganic compounds in soils and ground
water beneath the Arrowhead site. Based on the available information, current activities at the
facility and surrounding properties do not appear to be contributing to the observed contamination
problems. With one possible exception (soils beneath the solvent tank, which presumably contain
VOCGs), ongoing contaminant sources were not identified during this RI. This situation is the result
of the Immediate Removal Action, which appears to have been successful in removmg the primary
sources of contamination.

Based on the current land use, at and around the Arrowhead site, and the identified nature
and extent of VOCs and inorganic compounds, no significant risks to human health or the
environment were found to exist at this time. However, because the VOC contamination is expected
to remain in the environment for several decades, the potential risks to human health could increase
if land use changed in the future. For example, under a worst-case scenario, if a person were to use
the contaminated shallow aquifer for drinking water for a long period of time, the increased cancer
risk would be very high. Therefore, it appears that some type of remediation of VOCs in ground
water is necessary.

8.2 DATA LIMITATIONS

Substantial amounts of data have been collected during this RI. The work included completion
of all of the tasks proposed in the Work Plan, as well as additional off-site data collection at the
request of VADWM and the U.S. EPA. The primary objectives of the RI have been achieved and
sufficient data have been collected to complete the FS. However, additional information may be
needed to complete the remedial design phase following the FS. The additional information that will
be needed will depend on the selected remedial alternative. For example, in the event that a
groundwater extraction and treatment system is part of the selected remedial alternative, more
detailed knowledge of aquifer flow conditions will be needed. Such data would be gathered from a
pump test at the site, and the information would be used to locate and design extraction wells.
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83 OVERVIEW OF FEASIBILITY STUDY

The primary purpose of the forthcoming FS will be to fully develop and evaluate remedial
alternatives for the Arrowhead Plating site using detailed criteria. Based on the data presented
herein, the focus of the FS for the Arrowhead Plating site is expected to be the remediation of
volatile organic compound contamination in ground water and the potentially contaminated soils
beneath the solvent storage tank.

The FS process will be conducted in accordance with EPA guidance documents and as such
will begin by specifying remedial action objectives and identifying general response actions. For each
media, Applicable or Relevant and Appropriate Requirements (ARARs) will be identified.
Applicable remedial technologies will then be identified and screened in order to develop remedial
alternatives. Typically, these alternatives will consist of combinations of more than one response
action and technology. The FS process will conclude with a detailed comparative analysis of the
remedial alternatives.
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MONITORING WELL PURGING FORM
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MONITORING WELL PURGING FORM
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MONITORING WELL PURGING FORM

WELL NO. Mo (3

WELL/SITE DESCRIPTION: é&(""’"\—{,wg Heting -

DATE: _2 ,Zﬁ .lﬂf TIME: __ QDo WEATHE® AIR TEMP:

WELL DEPTH _j¢e Vo FT (TOP OF BVC) PVC STICK-UP HT. FT
CASING HT. ' FT

WATER DEPTH J.f.  FT (TOP OF PVC) WELL DIAMETER IN.

WATER COLUMN HEIGHT 12.24  FT _ SANDPACK DIAM. IN.

EQUIVALENT VOLUME OF STANDING WATER _1.9¢ (GAL) [V = nr?h, 7.48 GAL = 1 cft]

VOLUME OF BAILER _6.27  (GAL) % oL PUMP RATE (GPM)

TOTAL NO. OF BAILERS (3-5 EQUIV.) ~J2S or PUMP TIME MIN.

WELL WENT DRY? (Y/N)_AJ NO. OF BAILERS (0 or PUMP TIME

VOL. REMOVED __}S  (GAL) RECOVERY TIME ____ MIN,

PURGE AGAIN? (Y/N) M TOTAL VOL. REMOVED (GAL)

TIME pH IEMP (€S F COND_(UMHQ/C

INITIAL T(0) 2T 423 SO , 1S2C

DURING 3.3 [,3[ 449 1366

JuRLNe £ s 225

FINAL E '33 Q, 43 s%’ 1255

CHK ANALYSIS SAMPLE CONTAINERNO,  REMARKS (FILTERED/PRESERVICED, ETC.)

J _NOA ﬂgm‘gicgsv:c(_c 2 chmps Qg P@g&«oﬁ v Leld]
L CO” _L;Ld::r_pni"_ ! / Mb
Tk [ MefelC IR !-!Abx f !

ﬁ;&@z\l = : 1 J ‘m@?

7\

TOTAL NUMBER OF CONTAINERS FOR SAMPLE _ g

v

DESCRIPTION OF SAMPLE CONDITIONS

SAMPLE COLOR' ODOR HNU READING
HIGH CONCENTRATIONS EXPECTED? HIGH HAZARD?
UNUSUAL FEATURES
WEATHER/TEMPERATURE SAMPLER
SIGNATURE
. é.—..ux-s
g/?__ 4’/’"5-//6&' ‘/é’(/\) =/,£4/- ?a//‘u; U et (“:‘_——— u'w.v.:(?dl/“ﬂ
Fo vttt GSTRY © W ingntin g e az?
c-5 PP R

5S¢



MONITORING WELL PURGING FORM

WELL NO.
WELL/SITE DESCRIPTION:

r’”)waw

DATE: af@d/@/ TIME: (1015 WEATHER AIR TEMP: 159
WELL DEPTH 36.7  FT (TOP OF PVC) pvc sTick-up uT. 1. 9 FT

| CASING HT. 1.9 FT
WATER DEPTH /®.3  FT (TOP OF BVC) WELL DIAMETER & N
WATER COLUMN HEIGHT I8 .4  rr SANDPACK DIAM. T IN.
EQUIVALENT VOLUME OF STANDING WATER OL. 7 7 (caL) (V = xr?h, 7.48 GAL = 1 cft]
VOLUME OF BAILER V4  (caL) % oL PUMP RATE (GPM)
TOTAL NO. OF BAILERS (3-5 EQUIV.) of PUMP TIME MIN.
WELL WENT DRY? (Y/N) NO. OF BAILERS or PUMP TIME
voL. REMOVED (0-5O (GAL) RECOVERY TIME MIN.
PURGE AGAIN? (¥/N) TOTAL VOL. REMOVED (05O  (GaAL)

IIME pH TEMP (C)
INITIAL T(0) H A 5 Y 57.0 137
DURING [ _7 <. ag 57.6 19
DURING if:3] ¢ 3 56.% e
FINAL N ) EYEXG)
L,Li —L-%o—r -E@—?-,-.- ,a =S ,

CHK ANALYSIS SAMPLE CONTAINERNO, A IC.
v VocC G0 p~t 9,2«.&4 '-l Hel
V' T e~ j- £dn NaOH
% TOTAL epes 1= % h—%_ ! HAOR

D16ocves MES 1= %% { HAG3 - ZW

TOTAL NUMBER OF CONTAINERS FOR SAMPLE S
DESCRIPTION OF SAMPLE CONDITIONS

SAMPLE COLOR Oo—~gd = ODOR _, ol HNU READING _O.Og0n
HIGH CONCEWTRATIONS EXPECTED? ALO HIGH HAZARD? _ A/
UNUSUAL FEATURES AOAC
WEATHER,/TEMPERATURE MM SAMPLER__MA/ 1
stoNaTwRe _ Ll NPl

T 2 ekl (e Ch)
T et STA) -
AR30|

Y B. s
= %,4/.- 7‘«//u.; ,gq lohrit d.ou-w j
Vol sogatlms -1 3 1.5° 5‘-2’
c-s 11 0¥ P SR )
| 194 > !
650 — 8



MONITORING WELL PURGING FORM

WELL NO. Mo

WELL/SITE DESCRIPTION: Lebyoin fut ol oA i

DATE: 9~/ al/q TIME: _ (205 WEKTHER AIR TEMP: GO

WELL DEPTH 7. Z FT (TOP OF BVC) PVC STICK-UP HT. R.O° FT
' CASING HT. 7 F

WATER DEPTH [3- >  FT (TOP OF BVC) WELL DIAMETER R IN.

WATER COLUMN HEIGHT o-C  FT SANDPACK DIAM. T IN.

EQUIVALENT VOLUME OF STANDING WATER _[.3  (GAL){V = ~r’h, 7.48 GAL = 1 cft]

VOLUME OF BAILER V4  (GAL) & of PUMP RATE (GEM)

TOTAL NO. OF BAILERS (3-5 EQUIV.) [ 3 or PUMP TIME MIN.

WELL WENT DRY? (Y/N) /V NO. OF BAILERS ___ or PUMP TIME

VOL. REMOVED 4.5  (GAL) RECOVERY TIME ____ MIN.

PURGE AGAIN? (Y/N) TOTAL VOL. REMOVED _ F-3  (GaL)

1IME 2 IEMP (C) CGOND _(UMHO/CM)

INITIAL T(0) 209 423 35 8 SO

DURING (A1 4.89 55.6 2 2

DURING EXA: +39 5.3 83

FINAL ES ) 497 s5¢. 1 33

CHK ANALYSIS SAMPLE CONTAINERNO.  REMARKS (FILTERED/PRESERVICED, ETC.)

Y VoC. cfomaw 2 Hed

Voo [ NaOH

vmkmms ! HAD 2
AV E— ﬁ ! _anos, giltred

TOTAL NUMBER OF CONTAINERS FOR SAMPLE __ O

DESCRIPTION OF SAMPLE CONDITIONS

SAMPLE COLoR (Florc @ ODOR _ o~ HNU READING __ & O gor

HIGH CONCENTRATIONS EXPECTED? A O HIGH HAZARD? 49
UNUSUAL FEATURES “Wowne
WEATHER/TEMPERATURE SJU}M SAMPLER__ WM& " JFws

SIGNATURE :_d—e- [Ym%

ET (s
A ——

5S¢

v
/{c'-./r__ P4 " e loCh) = %’"“ gallns 'g lhrfe A anadee J,.V;_-_::r’.rums‘i
P . - 4 Lo ‘/(‘“f Y [ ’ [‘f. . Z?
_ 0 petl,  .GSTA) = W i3 7 2
/M . c's ‘fa% é,‘" /’{u C'Yf .
' 2“ _ :,,'L T ‘/‘/—t [
AR301651 2 et




MONITORING WELL PURGING FORM

WELL NoO. w3 o

WELL/SITE DESCRIPTION: Gorrarns Rl Laxp &/ e .

DATE: / afal e B0 WEATHER AIR TEP: _SOO

WELL DEPTH 3%4.3  FT (TOP OF BVC) PVC STICK-UP HT. /. & FT

CASING HT. A € FT

WATER DEPTH A l.3 FT (TOP OF PVC) WELL DIAMETER 2

WATER COLUMN HEIGHT _ /3.0 FT SANDPACK DIAM. ¢+

EQUIVALENT VOLUME OF STANDING WATER l (GAL) [V = =xr2h, 7.48 GAL = 1 cft]

VOLUME OF BAILER _//*  (caL) @ 9L PUMP RATE (GPM)

TOTAL NO. OF BAILERS (3-5 EQUIV.) 9O or PUMP TIME MIN.

WELL WENT DRY? (Y/N)A./_ NO. OF BAILERS ___ ox PUMP TIME

VOL. REMOVED /-5  (GAL) RECOVERY TIME MIN.

PURGE AGAIN? (Y/N) TOTAL VOL. REMOVED /7 S (GAL)
TIME el IEMP (&7 COND (UMHO/CM)

INITIAL T(0) B:S¢ £€.X3 53,1 [+3 0O

DURING R:5¢€ §.08 SS.1 [ 710

DURING 7 03 5.35 55.2 IETS)

FINAL 5S¢ T he < E 3 %0 .

CHK ANALYSIS SAMPLE CONTAINERNO. A

'\/OC '-}Ofn/ glass P !
? ! NaOH

d_ H NO 2
pissoicomsacs 1= LG A3 - ,@2& ool

TOTAL NUMBER OF CONTAINERS FOR SAMPLE __ O

DESCRIPTION OF SAMPLE CONDITIONS

SAMPLE COLOR @%vo~~go ~ ODOR One~~@ ~ HNU READING 0.0pgprm

HIGH CONCENTRATIONS EXPECTED? No HIGH HAZARD? VO

UNUSUAL FEATURES A oAE

WEATHER/TEMPERATURE_ 50 °, Sunny SAMPLER /MR / Fw

- — —— B 1S
i R T o
L2

T 4" vete, . GSTRY = Vol ivgatint 37 e oz?

- c- ¢ & S 0,1
AR301652 ’ sm.——"“‘ S Ee et ’

SIGNATURE MWM«&? A ‘
Aerere (S




MONITORING WELL PURGING FORM

WELL NO.: . mw a—‘+
WELL/SITE DESCRIPTION: &WWW E st af AT
pate: 2/R1/91 TME:_Q: 2S5 WEATHER AIR TEMP: Y50
wELL DEPTH 33-2  FT (TOP OF BVC) . PVC STICK-UP HT. /.5  FT
' CASING HT. FT
WATER DEPTH | 3.0 FT (TOP OF BVC) WELL DIAMETER __< _ IN.
WATER COLUMN HEIGHT _I5.% T SANDPACK DIAM. f{;
EQUIVALENT VOLUME OF STANDING WATER R.5  (GAL)(V = nr?h, 7.48 GAL = 1 cft]
VOLUME OF BAILER _ Y+  (cAL) QL PUMP RATE (GPM)
TOTAL NO. OF BAILERS (3-S5 EQUIV.) 25 of PUMP TIME MIN.
WELL WENT DRY? (Y¥/N) N NO. OF BAILERS or PUMP TIME
VOL. REMOVED J-75  (GAL) RECOVERY TIME _____ MIN.
PURGE AGAIN? (Y/N) TOTAL VOL. REMOVED _%, 7S5~ (GAL)

TIME PH _ IEMP (&0 COND (UMHO/CM)
INITIAL T(0) 9330 5.95 S%. (o3 -
DURING Q:35 S.3% - 58 /1337 Q::“ 17 ¢¢
DURING 37 _Sto _ﬁf_‘;_ 13 +7 6/ 764

K X
FINAL W g §e° 5 2 ) ;T S5

L !
CHK ANALYSIS Mﬁuﬁ& REVARRS (FILTFRED/PRESSSVICED. ETC.
4 _Yoc YOmigoss 3 _HCL
— N |- lkn feoty, | NeOH
3} TomAcmentes / 1*‘"" #&L 4 HAw,
Dissowenpews Lo Libin yoby 1oy | Roltessof
TOTAL NUMBER OF CONTAINERS FOR SAMPLE
DESCRIPTION OF SAMPLE CONDITIONS
SAMPLE COLOR (Gro~ge  ODOR w2 HNU READING __ O.Opprr
HIGH CONCENTRATIONS EXPECTED? ANO HIGH HAZARD? A/Q
UNUSUAL FEATURES AJovE
VEATHER/TEMPERATURE__£.5°, ﬂaai'ﬁ;} cloccly  SAMPLER MR/1Fvs
stoNaTRE g L MNP Mp b,
["4 A - Ehi«'}

G 2 atle (CCR) = Votoin 7"*{ w15 P e e dae(paed
For 9" relt, . GSTR) © WOl iogets 5

% . 3\’ 15" C'Z? '
X U S .S T

AR301653 3w 2
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MONITORING WELL PURGING FORM

WELL NO. M A5
WELL/SITE DESCRIPTION: @&ax&@&@i—g@&_—

DATE: R/a1/q/ TIME:~ jQ:10 WEATHER AIR TEMP: 45°
WELL DEPTH 37-O FT (TOP OF PVC) PVC STICK-UP HT. .¢ FT
CASING HT. N5 FT

WATER DEPTH AR.% FT (TOP OF PVC) WELL DIAMETER __ IN.

WATER COLUMN HEIGHT 4. FT SANDPACK DIAM. ¥ IN.

EQUIVALENT VOLUME OF STANDING WATER A3 (GAL) [V = nr?h, 7.48 GAL = 1 cft]

VOLUME oF BAILER /4  (caL) oL PUMP RATE (GBM)

TOTAL NO. OF BAILERS (3-5 EQUIV.) 39 or PUMP TIME MIN.

WELL WENT DRY? (Y/N) VN NO. OF BAILERS ____ or PUMP TIME

VOL. REMOVED .23  (GAL) RECOVERY TIME MIN.

PURGE AGAIN? (Y/N) TOTAL VOL. REMOVED %.25  (GAL)
TIME oH TEMP )" COND (UMHO/CM)

INITIAL T(0) 101 +. 3¢ S5. 243

DURING 10°1S 471 _Ss. 1 |87

DURING jO:17 + 72 §5.7 123

FINAL (c:2Q 4.6 S6. A [ 8¢

J  Voc Yool g lune 2 _fHCR
VIR=YY, - Rikin sty _MeOM
N o1 mMemes z-@&a,p_.%_ J HAO -

J D merars, [-tdn s, HA 5 ',jg,éém,f/
7 [d el

TOTAL NUMBER OF CONTAINERS FOR SAMPLE ,S

DESCRIPTION OF SAMPLE CONDITIONS

SAMPLE COLOR Ohvor~ga = ODOR _o oot HNU READING () 0 gpry
HIGH CONCENTRATIONS EXPECTED? ALO HIGH HAZARD? _~v/Q
UNUSUAL FEATURES__ AV idnvg

WEATHER/TEMPERATURE 'ig - .’4 anié” cLde n% SAMPLER Me, JEw
SIGNATURE (e IVl lyalry. ,
lbﬂv'h‘( {3 4

q-aﬁkik‘v;a_ c/é(A) 2%4,’7.“/%.“1 Iq_a\ ) Prc. 1€rs

P A ctnada

' . allionS "6 4 L4
— e . 6((‘) - Va/ 1.;7 7 ———— ' 3 ,,f O‘Z?
7o 97 el c.s 332 &’ /.8 C.I5

LS ZARFDIGSY
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-MONITORING WELL PURGING FORM

WELL NO. M ae
WELL/SITE DESCRIPTION: W 5 /Haﬂ—o( Eant o—/ M
pate: X/ I/ TME: B QO WEATHER AIR TEMP: $O°
WELL DEPTH 33.9 FT (TOP OF PVC) PVC STICK-UP HT. X. X FT
CASING HT. KA 3 FT
WATER DEPTH &+ O  FT (ToP OF BVC) WELL DIAMETER __ A IN.
WATER coLuM¥ HEIGHT (4.9  FT SANDPACK DIAM. _ 4
" EQUIVALENT VOLUME OF STANDING WATER P« F  (GAL) [V = xz?h, 7.48 GAL = 1 cft:]
VOLUME OF BAILER _ Y4  (caL) % oL PUMP RATE (GPM)
TOTAL NO. OF BAILERS (3-5 EQUIV.) 3 6 or PUMP TIME MIN.
WELL WENT DRY? (Y/N) N NO. OF BAILERS ____ or PUMP TIME
VOL. REMOVED (GAL) RECOVERY TIME __
PURGE AGAIN? (Y/N) TOTAL VOL. REMOVED 2 (GAL)
Y TIME oH TEMP (s0F COND (UMHO/GM)
INITIAL T(0),5 _ 3 isd ¢+.25 “47.s K60 Cupy
DURING 17 s.08 S).7 3?5 |
DURING _B:34 5.16 S$3.9 YA A
FINAL ? EX 5 A3 ga,g ’-1-3 ;7
CHK ANALYSIS  SAMPLE CONTAINERNO. REMARKS (FILTERED/PRESERVIGED, ETG.)
J  Voc 40migass = . _Q draps HCEL
U— CnN |- Ll J NaoH
J TOTAL MetAcs |- b poty / HAO2
Dissoveo mepus - Lken J-o%ﬁ_ / HAOs - £iteced

TOTAL NUMBER OF CONTAINERS FOR SAMPLE _5—

DESCRIPTION OF SAMPLE CONDITIONS

SAMPLE COLOR (3\e~—=2  opoR /~L  HNU READING O.O 2o~

HIGH CONCENTRATIONS EXPECTED? AO HICH HAZARD? A/O
UNUSUAL FEATURES (on e.
WEATHER,/TEMPERATURE__ 409, Sunoy SAMPLER_MA / XFey

SIGNATURE _ kol Ve

K4 . » Ec-l‘(‘s
ﬁ/r_ay”l"’za ¢/’4(A)=M,L/a7':.//‘k; '*7 R, domete _*’.:'_'.‘.'.'.-"5"‘3”'«”\0
. . gallins N 3 5
Tom 9 rele . oSTRY @ Wl ies K16 ¥ ree ez
3'
14 g

I N
st > MR301655

2

$




MONITORING WELL PURGING FORM

WELL NO. AL\ .

WELL/SITE [ESCRIPTION: T whenk Plenn,

DATE: L48 TIME: _g: 55 WEATHER AIR TEMP: ‘

BV

VELL DEPTH _24~7F3  FT {TOP OF PVC) PVC STICK-UP HT. - FT
. 18.8@5% CASING HT. FT

WATER DEPTH 28.C& FT (T0F OF rPVC) WELL DIAMETER IN.

WATER COLUMN HEIGHT , FT LS M SANDPACK DIAM. IN.

EQUIVALENT VOLUME OF STANDING WATER __L#0 (GAL)(V = nr?h, 7.48 GAL = 1 cft]

VOLUME OF-BAILER _0.23 (GAL) & -~ or PUMP RATE (GPM)

TOTAL NO. OF BAILERS (3-5 EQUIV.) o4& M|  of puMp TIME MIN.

WELL WENT DRY? (Y/N) -A) NO. OF BAILERS 4O or PUMP TIME

VOL. REMOVED _ @)  (GAL) RECOVERY TIME MIN.

PURGE AGAIN? (Y/N) N TOTAL VOL. REMOVED (GAL)

TIME pH IEMP (efPF)  COND (UMHO/CH)

INITIAL T(O) PEOZ H.b| F e-X®)

DURING 4:10 4.58 <3 2&0

DURING g1 H,60 g

FINAL & 1&g - 53, g

v oA b 2 2 desps Hel preseced u Celd
W €M l-ldec ol i ALOH b Lk

A kls | £ -, '
Vv L He N Nl e - =) @Lkwcj

7

TOTAL NUMBER OF CONTAINERS FOR SAMPLE s

)

DESCRIPTION OF SAMPLE CONDITIONS

SAMPLE COLOR ODOR HNU READING
HIGH CONCENTRATIONS EXPECTED? HIGH HAZARD?
UNUSUAL FEATURES
WEATHER/TEMPERATURE SAMPLER
SIGNATURE
y — o ' Ber. 1€3 .
7’,4‘/7— a} ”‘WZL ‘ //0 (A) - 004 ‘1 7“’/‘1&} . '“ﬂf" d«‘“""‘“’ m_—_&(‘
T 4 elle . ST = W ioget=e 3’ 1.5 oz
C-5 CE /.87 ¢.9¥
3 R la’
> ARED1655




MONITORING WELL PURGING FORM

WELL NO. 4R ‘

WELL/SITE DESCRIPTION: Apendo) Aot

DATE: TIME: )l gg WEATHER AIR TEMP:

WELL DEPTH 22 QQ FT (TOP OF PVC) PVC STICK-UP HT. FT

" CASING HT. FT

WATER DEPTH j{ .3 FT (TOP OF PVC) . WELL DIAMETER IN.

WATER COLUMN HEIGHT _ <.%F%  FT . SANDPACK DIAM. IN.

EQUIVALENT VOLUME OF STANDING WATER _/92 (GAL) [V = mr?h, 7.48 GAL = 1 cft]

VOLUME OF BAILER _ .23 (GAL) % or PUMP RATE (GBM)

TOTAL NO. OF BAILERS (3-5 EQUIV.) ~IS or PUMP TIME MIN.

WELL WENT DRY? (Y/N)_AJ NO. OF BAILERS 24 or PUMP TIME

VOL. REMOVED ¢ .<  (GAL) RECOVERY TIME ___ MIN.

PURGE AGAIN? (Y/N) TOTAL VOL. REMOVED (GAL)
TIME oH IEMP (e¥(F)  COND (UMHO/GM)

INITIAL T(0) (P:03 3.37 g3 140

ol S e

ﬁﬁ}m Y fg‘é 24

1Jucin 7] T

-/ 12
CHK ANALYSTS mmﬁﬁ

REMARKS. (FILTERED/PRESSRVICED. ETC.)

NGA ‘-10\1\\3'45 uds 2 __ZM Pf&(decg 1 :‘_—q U
N (et ool < _Ak0H Jcb
Tate! Dete! { L Ha D, -
Etbedl | = K - ~CHeed])
TOTAL NUMBER OF CONTAINERS FOR SAMPLE __ <
DESCRIPTION OF SAMPLE CONDITIONS
SAMPLE COLOR ODOR HNU READING
HIGH CONCENTRATIONS EXPECTED? HIGH HAZARD?
UNUSUAL FEATURES
WEATHER/TEMPERATURE SAMPLER
SIGNATURE
. Eﬂ-\w
Forn. & AT & Ch) = Ysloin galling O S A
T 4 el L STR) = W igatlns 3 ’wf' CZ?
c-5 &’ /5" c

S :" ' 6’



la “’{

= v

VOLUME OF BAILER O.2% (GAL) % MS Sk PUMP RATE (GPM)
TOTAL NO. OF BAILERS (3-5 EQUIV.)A~20~/S o PUMP TIME MIN.
7 WELL WENT DRY? (Y/N)_A/ NO. OF BAILERS _ZO or PUMP TIME
VOL. REMOVED S (GAL) RECOVERY TIME MIN.
‘*"‘1 PURGE AGAIN? (Y/N) __ A/ TOTAL VOL. REMOVED (GAL)
TIME 2H IEMP Lef/5F)  COND (WMHO/GM)
INITIAL T(0) 110 6.23F SE. <20
DURING s 429 ¥ £50
DURING (1213 £.38 ford s34
DQ{MSDW«‘»\ mzo %39 ST L)
e\ N A e =3 450
CHK ANALYSIS SAMPLE CONTAINERNO. vic c
v __NoA _omlglsavels 2 _L:.ng:_(:Zmeem@g_m Leld
v Cn” ((eher gole | kol | b, [k
i—;ﬂ_fag& L « 270 S LA
V. Elered N~ N N ; éﬁ#erod?>

MONITORING WELL PURGING FORM

WELL NO. /H'LB .
-
WELL/SITE DESCRIPTION: Aot gen] Hletig — '
7
DATE: TIME: _}1163 WEATHER AIR TEMP:
WELL DEPTH FT (TOP OF PVC) PVC STICK-UP HT. FT
673 S CASING HT. FT
Z20.5C
WATER DEPTH _@_ FT (T0E, WELL DIAMETER IN.

OF PVC)

3 M
WATER COLUMN HEIGHT _ 534§ /FT t.oo Y }‘ SANDPACK DIAM. IN.
EQUIVALENT VOLUME OF STANDING WATER _.L-6T (GAL)([V = mr’h, 7.48 GAL = 1 cft]

TOTAL NUMBER OF CONTAINERS FOR SAMPLE £

DESCRIPTION OF SAMPLE CONDITIONS

SAMPLE COLOR ODOR HNU READING

HIGH CONCENTRATIONS EXPECTED? HIGH HAZARD?

UNUSUAL FEATURES

WEATHER/TEMPERATURE SAMPLER

SIGNATURE

. — ) . gz. \es

L 2kl (o CA) = oloin yatlng | Prnermall

T o ell. .c!"(/x_) - W i gatlns 3’ 1.5 c.z?
C-5 5—I /I{ “ ¢ c‘if

3 3° lat
5‘&R3éf 6585




APPENDIX D

SURFACE WATER AND SEDIMENT SAMPLING

FORMS

AR30 1659



SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER =7/ ‘
DESCRIPTION OF LOCATION: //zmy Semple St clm,w,,a\
DATE: y/// /70 TIME: /a WEATHER AIR TEMP T~

SURFACE WATER
FIELD SCREENING MEASUREMENTS:
pH &"/‘7’ Eh

77
Temp. s3=/r2°€ D.O. s, S’WT/,Q_,
Conductivity &/ (/s PID
LABORATORY PARAMETERS: 124 Me b ls / Aot MJ.,M) Copn /% (oo
ST/ - Sl TES  ANA L el agl

O ” ,
OBSERVATIONS: _[ilede = 3" cloayai el )

2\

SEDIMENT

DESCRIPTION: .
&

COLOR _[d:hytwn, 2 epey Qley  TOTAL DEPTH: _ 4
PARTICLE SIZE/STRATIGRAPHY , 252 gkt bron AP SOND ppee

45 '4)/&4»‘-8/& W/‘-n»q (L«-Lau« CC-/”V} /n sie- .dew&‘oﬁv%) 71

dé@ & !ﬁ:IE ~ iﬁ; é:ﬁMé d:‘diﬁd S‘:ﬂ-# ‘ﬁﬁSéﬂ! ﬂl:ﬁ’.‘ g l—\/ﬁ _f/:;/vf‘crmﬂ.

FIELD SCREENING MEASUREMENTS:

pH LK Eh ¥3
Temp. zz’/’é 2°¢.  D.o. o 15}.7/4_
Conductivity 2 O e [ PID V) ani
LABORATORY PARAMETERS:_ /0 B s A gn o 328 TOC
G)E ! - e s S : - g:

OBSERVATIONS:

o

SIGNATURE C] M’*& : é/”""Q.

c-4

AR3016gg

®




SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER . <z 2 ,
DESCRIPTI or LOCATION: Do off Sentimn ool
pate: _//0/9 TIME: /F 5/ . WEATHER AIR TEMP: &< ° /7

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

pH por Eh Ve
Temp. SIF 17 D.0. Sy oy
Conductivity 32 0 -=/s PID S r

LABORATORY PARAMETERS:__ JZ0A 2 Alodsls /Hles Fimditm ) L wu{ Cagfons

ﬁl 7%’ 35»‘:7/14 w&_&iﬂ@ endf Sewr B )

OBSERVATIONS: Shelln te - = ‘/ oloeg 1 Criene ol A

L

k

L AM " el \
SEDIMENT
DESCRIPTION:
COLOR P o 25 1y TOTAL DEPTH: ¢

PARTICLE s:zr-:/smncmm D.S” /»%m_f__gﬁ@,_&_n&#/ﬂ.,
MW%-&.,«M—MM—M&#’V- ]

FIELD SCREENING MEASUREMENTS:

%

pH i Eh -2
Tenp. (€ /SEF D.O. Re M /L
Conductivity _//Q « /s PID

LABORATORY PARAMETERS:_[/J/ PVA L Aetrls &&_ﬂ 4& . S, 73C

WMW*W
[ s 4 d |
OBSERVATIONS: _Se< ploStntidye 4 shone.

SIGNATURE W &Ll

C-4

AR301661



SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER 7.3
DESCRIPTION OF LOCATION:  _Szavt of Sty Jlocew ptwntlonny
DATE: %/?/4’0 TIME: /735 WEATHER AIR TEMP: 73/~

9

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

PH /. Eh g

Temp. WR D.O. PG g A

Conductivity 4//0 /5 PID A/
LABORATORY PARAMETERS:__ ./ y ) Oy (nglvne ),

T3S - B A lLeess
: < ‘ = 7 /\ , v N
OBSERVATIONS : _SZigedfune rongde 2 9" 2/200r, 4.9\/111./;'/14 .M'? %.,_zz/
SEDIMENT
DESCRIPTION:
lr

COLOR /. f//”r Hrtvin— TOTAL DEPTH: 4

PARTICLE s:zs/smncmmr . ;é -0 SO | bpthm S et G g Lo Sk

) Sivee [Lanes /’a?gédm P

FIELD SCREENING MEASUREMENTS:

pH AN Eh /2O
Temp. SC e D.0. = /_131,6
Conductivity __ /O . /5 PID AR

LABORATORY PARAMETERS: VW ; Mhetrls ans  DBrF, (v Si2e  70C

, ) [»)

: 7. frgenghe T
OBSERVATIONS: _Ztle dops ¥  Sheue.

c-4

AR301662




SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER S7Y
DESCRIPTION OF LOCATION: Ofler Hzrele
DATE: ‘//‘i/‘ﬂf‘ TIME: /¢ 357 ' WEATHER AIR TEMP: _FB°=

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

pH NH Eh /7
Temp. 58 /= ‘ D.O. 7Y Wy /L
Conductivity 905 ;_/2 PID VA

LABORATORY PARAMETERS: ,/a/ﬂ% neteds / /EJM/VLWW) ¢ 72y
I /42‘&:&4! '

“
OBSERVATIONS: D/c.dan\ ”é ke T 26

SEDIMENT
DESCRIPTION:
fu/o At = O :
COLOR S = devk o C fecas TOTAL DEPTH: é -

L
PARTICLE SIZE/STRATIGRAPHY _/“ Q@x_:é—m SArD cotr 57" ek gray ey
St o SPMVD, hgtonic tontSs agpt Ll of Cogeel

FIELD SCREENING MEASUREMENTS:

pH M- ~ Eh . #
Temp. _se D.O. O.78 4 J A
Conductivity _ LD /s PID A A
LABORATORY PARAMETERS: VOH < le,(—-.ij /c~4u LA " Ban 3i2e ol
2? gg=“ Choct 2L v«:‘*“‘*‘ 45?“1155“ﬂ (Cenz ggfwu~)
OBSERVATIONS: Y5\ 5e) © Neetrd £ at it locetnic ~—
el on po lectos pa : . 2 fore )
SIGNATURE /éw& 2 g’g/_zg Qo
c-4

AR301663




SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER s57S .
DESCRIPTION OF LOCATION:  _Afkrimflerce o) oftoch amele: dovoshram el 277070
: - 7 Ao TN Y
DATE: _4/%/70 TIME: _y 530 WEATHER AIR TEMP: _ 3.3 £
SURFACE WATER
FIELD SCREENING MEASUREMENTS:
pH Eh /.
Temp. 4:5/‘£I?'<— D.O. s
Conductivity /, /5 PID NA
LABORATORY PARAMETERS: J/&A—;/;’-wz.a{ D ,Vpa-/)/ (opl 55 Bpns
fnhress ’
OBSERVATIONS:: Wf 2O Mt pesterbiss obisen el
A4
SEDIMENT
DESCRIPTION:
it bomee i S fitne .
COLOR ‘%«M belons TOTAL DEPTH: __ §

PARTICLE SIZE/STRATIGRAPHY aﬁ C.. 5ﬁ7\JD "W-v’l'-}-w-; C{a//r_ ,,,,,44,, (u/«h/ Y
St AL <9

FIELD SCREENING MEASUREMENTS:

pH p/ A Eh /b _
Temp. AR D.0. 10} -S’%/L
Conductivity . /s -PID LA

LABORATORY PARAMETERS:

Wz
OBSERVATIONS: _(iapoeiie) 2 Y gnery o pletadpledtt slestiy cort
MVJ¢ Forme l_ £ Yy 4o eyl (Excapr VRS S-plel fir)

SIGNATURE W /4' 4@/4‘«_}’;___

®

C-4

AR3G1I664




SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER =7 L
DESCRIPTION OF LOCATION: //z./lf:w ro L Ilpers M) 2l
DATE: _Y/% fg0 TIME: QRO WEATHER AIR TEMP: =

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

OMphes  MAd 0 B 2%
Temp. [‘]‘Q. D.O. C?m‘[!}__

Conductivity @ u-{) ) PID
{ QM(Q *lw—’ 1
LABORATORY PARAMETERS:_ [0/ /’WQJ (’ /\/ f‘7/’_5 //u/c /¢’A//4

% Zﬁ it S 55 L@ Siﬂg ‘z ﬂo,.:‘m. - %mw,..ﬁm ».a»)
OBSERVATIONS: ledec deghe = Vo' [Logr (hennnol (5 Sopnuades—
bv! -'ﬂ/\lldo,.Sc 4 erz",he“‘v\-f\‘# _

SEDIMENT

DESCRIPTION:

COLOR _JHed At Grtey TOTAL DEPTH: _ 6-2 "

PARTICLE SIZE/STRATIGRAPHY

Very o, g emof | g oumann SHND oy Lurand-C Goved, ver CLAY,

” e

- o € " ¢, —
FIELD SCREENING MEASUREMENTS:
pH 77 Eh —u3
Temp. 2 a’c. D.O. __Q,_h%,/,g_

Conductivity /YO w5 PID

LABORATORY PARAMETERS: /04 | et Lo/ Cua [ Lo/l | Geges Si2c

OBSERVATIONS: Mﬂ%&mﬁa&ﬁ’w ftor Sodfict rh
Csitectde wetlosr 1avsivinly Sm@imy foomn viurivsi puviris ds

vabdli

Losettr ((regvpornbrk oty Simple ). VAN A ey e it peetetl fpen et e

SIGNATURE Cé//“”é" é Séwm_.z,___

C-4

AR30 1665



SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER ST+
DESCRIPTION OF LOCATION: lsaiins mictZendd - j2122¢E Caos i
DATE: L//?/? 4 TIME: __ // 0D WEATHER AIR TEMP: 93¢

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

pH 6.33 Eh /e
Temp. AN D.O. 7 6 mg /o
Conductivity _ 30 o/ PID A A

LABORATORY PARAMETERS: DA~ Wil (f terest burdieed ) -y (Lifiqeed)

TES/ALIC | (Gedpp [ flovelness

feter
OBSERVATIONS: [Xptte = 0! Hypeeel Genendly Cleer ot

sSlght gk %*y e o &Mﬁ;&:«:}«-% Cerzg (reede
/MV‘. t Fonngpliyy /s :96’6 #? S Lo pOT o frslest lowt by SEe Fam

SEDIMENT

DESCRIPTION:

| COLOR _fled. (ot Grey TOTAL DEPTH: &
PARTICLE SIZE/STRATIGRAPHY CLAY forte [ Sed; prace Gaekonl
_/[borg Ovvsufjﬁm'-«'.a ﬂfaemo. /o—q,aqflﬁ /%Mﬂk_

FIELD SCREENING MEASUREMENTS: S$° "‘ e o et

pH % A% Eh - 32
Temp. : Y Z’ZZ‘C D.O. O S /L.
Conductivity A0 /s PID P
LABORATORY PARAMETERS:__ {/OA - fhe . A . .
. H ~ \ [+) -
OBSERVATIONS : Onep: csllectii- fn DMy

5?"")4@ o a~denid,

i)

Sé"‘—‘-nf“"":‘.j

SIGNATURE W/M‘Qg&&_

L

c-4

AR301666




SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

f‘
STATION NUMBER - ST 1
DESCRIPTION OF LOCATION: p pnmenl cqgly | ali A e b
DATE: 57/24/ /80 - TIME: Q’%s’D ! WEATHER AIR TEMP: 70°

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

2.0/7 20 |
pH LB, R =3 .
Temp. S 1°F /199 D.O. 9. ¢
Conductivity <$2¢ PID

~

LABORATORY PARAMETERS: MQM); CA) . gadA; TSS

[ Lzef
osservaTIoNs: Ilotes Yok lear, 1" doap, Fomuty oneduele
v : —

SEDIMENT
DESCRIPTION:
COLOR TOTAL DEPTH: 7 ‘
PARTICLE SIZE/STRATIGRAPHY 3" " E E?Ug,?:gg
~ C’ . -
Y g AL )
FIELD SCREENING MEASUREMENTS: SY -l Sud / SOl BT .
pH {'2 2516 $O Eh 9
Temp. 0. 2°F D.o. 0.8

Conductivicy _ /4) PID

LABORATORY PARAMETERS: /720ak  RVA ) CAD; VON

OBSERVATIONS:

SIGNATURE

c-6

AR301667



SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER Si 2 ‘

DESCRIPTION OF LOCATION: g/(%‘k.;fu/k -7/ L‘uméuiu et
DATE: g/LV /1o TIME: oRUIS WEATHER AIR TEMP: 2Q°

SURFACE WATER
FIELD SCREENING MEASUREMENTS:

pH o2/ Eh -33

Temp. S1.9°F/132°%<  p.o. g.2
Conductivity _92S< PID

LABORATORY PARAMETERS: [0/ 3 A, BNA S T, (;él find +L£Q,J>'TSS.
OBSERVATIONS : MM s omprelsnay 7)%,\.) D, Aagyo

SEDIMERT

DESCRIPTION: .
COLOR TOTAL DEPTH: (o

PARTICLE SIZE/STRATIGRAPHY Mi%‘_mh, SARN - Lo pronn e
Ccfd—; CCAY Gaece € Sonvd.

FIELD SCREENING MEASUREMENTS:

pH .24/ 2ol B =24
Tenp. 1S°C /60 £oF D.O. 0. 2
Conductivity 142 PID
LABORATORY pmm:wﬂ 2 Vort
OBSERVATIONS :
SIGNATURE
C-4

AR301668




SURFACE WATER AND SEDIMENT SAMPLE COLLECTION ‘FORM

rmmm—
STATION NUMBER ST1T.3
DESCRIPTION OF LOCATION:  sdfinf 8/ o Jfiri [owricenios
DATE: &, [ég[zo TIME: 1215 4 WEATHER AIR rm'g: =N

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

Temp. (S9°C(3.2°F D.O. 7.4
Conductivity é&z PID

LABORATORY PARAMETERS: VO” ww) Ao, A,
OBSERVATIONS: _@_@#&z«%&w 1 Aaeo

SEDIMENT

DESCRIPTION:
COLOR TOTAL DEPTH: G

PARTICLE SIZE/STRATIGRAPHY 9;;%’,, froun €-m SAOD | Tipee ¢ Sa,
tiace St '

FIELD SCREENING MEASUREMENTS: SO »2 Sedl: STl BT

oH .23 Eh - 000
Tenp. (8. 4°Cle4-3°F  Dp.0. 3.<

Conductivity _ 28¢ PID
LABORATORY PARAMETERS: VOA |, 7206l ;, CAD, BAOA

OBSERVATIONS:

SIGNATURE

C-4

AR301669



SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER S
DESCRIPTION OF LOCATION: R ey
DATE: § /23 /?o TIME: /(25 WEATHER AIR TEMP: 777

SURFACE WATER
FIELD SCREENING MEASUREMENTS:

oH Sl /e s Eh <
Temp. il ] e D.O. gk
Conductivity /1S Z PID
y { . SV 4 N .
LABORATORY PARAMETERS: (A ' J7/ 150 (;Zq“t.‘, FTedr ) RA g
CA T :
OBSERVATIONS: _Ascte, /‘iLﬁl:‘tU‘c;’ /)4‘714{';/&‘(;7@{;'. Loty o bixe
Ll g g o j ; 44'("-':)3 / . ) [ /
1Ak 7/ .
SEDIMENT
DESCRIPTION:
8"
COLOR TOTAL DEPTH: )
PARTICLE SIZE/STRATIGRAPHY B m=-C SAOD , Bimacct,

lLA%Q;¥7$JAé%Eﬁ£g£Jﬁéé;

FIELD SCREENING MEASUREMENTS: SO ~nf Sk S - Dd

pH . Eh —
Temp. .G F p.o. <& =
Conductivity (4% PID
LABORATORY PARAMETERS: . L. . C/U/'. R4
OBSERVATIONS:
SIGNATURE
Cc-4

AR301670

®




SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER ST g i
DESCRIPTION OF LOCATION:  frenclice c/ 6444 ase o) ST mm\/ i &
DATE: S‘/ZB/‘?O TIME: _____2_?__ ' WEATHER AIR TEMP: =7t ™

SURFACE WATER
FIELD SCREENING MEASUREMENTS:

D

pH YA ISE Eh —is .
Temp. (£ ). 7.SF  D.0. o
Conductivity _ <C<™ ‘ PID
LABORATORY PARAMETERS: [ /3! >247,_t2£,r//~ct:w- v le it ), CAL g 7
. ! , 4
<< |
OBSERVATIONS: _ /¢dc e »l—tu., - ! zQu B o //-'\L/‘;d'»;/'
zc't:/i‘"uww Lgreci O(MLM — L’w\«.»veuﬁ 7,44"»— ;4( Gl
/ '/
‘ 7
SEDIMENT |
DESCRIPTION: |
COLOR TOTAL DEPTH: 7
PARTICLE SIZE/STRATIGRAPHY Q\’a_ i iz Argesr £ -m &i%wb

-
7

pH 23/-03 Eh —lC
Temp. 70.CF D.O. AP =
Conductivity _/( ¢ PID

LABORATORY PARAMETERS: V0 (afo s RAA, (A, V(A

OBSERVATIONS:

SIGNATURE

c-4

AR301671



SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER ST ’
IR ; K -

DESCRIPTION OF LOCATION: el . A A e AREE Fopld

DATE: s‘r/ 23 /70 TIME: 1(/45‘ WEATHER AIR TEMP: +5

SURFACE WATER

) - ‘ N SN B vits e i b
FIELD SCREENING MEASUREMENTS: A& T€. G ¢ 15 Jire<
pH R VI Eh -is
Temp. 71"C.£~vf|.q"": D.O. 3T C
Conductivity _'2 PID

LABORATORY PARAMETERS:__vC iy 00 cmig (L L T Shuh CA
TS '

-

oBSERVATIONS: _TMpdiwwct, flowr = C /G v o Pl Toab

SEDIMENT
DESCRIPTION:
COLOR TOTAL DEPTH: (¢

PARTIC

A

LE SIZE/STRATIGRAPHY _ /A4 " £ - cvnn, Logon SAAN g £

t_i.u—l

FIELD SCREENING MEASUREMENTS: SOl <zed ST mf DT (e, i@
pH k 2 ¢ .32 Eh —14
Tenp. F1.1°F D.O. C. 7
Conductivity e, PID

LABORATORY PARAMETERS: t/cml» Vg Lk (A, gL

OBSERVATIONS:

SIGNATURE

c-4

AR301672




SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER ST 3
DESCRIPTION OF LOCATION:  _Aulzacerr 720iuflpd= [ ave { ot
DATE: _S/23% TIME: _1Cc. ' WEATHER AIR TEMP: 7.~

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

pH (O '1‘;'44.35-: Eh -4 ‘,
Temp. LS 2=/, D0, RS
Conductivicy _ 29 PID
LABORATORY PARAMETERS: VU A N7 iy, (JUfTus  rlifek )  SAM
(AL, TS5
OBSERVATIONS : ~ S L(L‘//’ ik g e

SEDIMENT

/ " ] ; ) - . o= 4 y u ' el < L L\-I‘dl.
DESCRIPTION: /4" § - SAD , tomaomede /Cf)\.y LAY of Ties oz

COLOR TOTAL DEPTH: _ &

PARTICLE SIZE/STRATIGRAPHY

FIELD SCREENING MEASUREMENTS: ST, Z Seul / 50 ml DI WO (nele. 4 r/jf"%é.
%(.\.L../
pH ta28fesy om0 i
Temp. > F D.0O. C.3C
Conductivity 1N 4 . PID
LABORATORY PARAMETERS: __VCA - MLy, - ci. BMA
OBSERVATIONS:
SIGNATURE -
C-6

AR301673



SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER MF-sOl
DESCRIPTION OF LOCATION: weodled o cea  feniine
pate: 2/el41 TIME: 3:30 pm WEATHER AIR TEMP:

SURFACE WATER
FIELD SCREENING MEASUREMENTS:

pH - Eh
Temp. ‘ D.O.
Conductivity PID

LABORATORY PARAMETERS: V(OfAs

OBSERVATIONS: Snaole delen fipun amu.\é) ates seep . {eke
&r\oamc 5'(.\"‘\3(6& 4 j-C.”-Wc.' LN nc—L cJOfe o oh—‘-c.m-e

e _ohile el in a&jﬁ;:g‘_mﬁ( —)osﬁl—vom

+o col(ec—L Seed. SEDIMENT
DESCRIPTION:
COLOR TOTAL DEPTH:

PARTICLE SIZE/STRATIGRAPHY

FIELD SCREENING MEASUREMENTS:

pH Eh
Temp. - D.0O.
Conductivity PID

LABORATORY PARAMETERS:

OBSERVATIONS:

SIGNATURE

c-4

AR301674



SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

— o
STATION NUMBER ME - sD I
DESCRIPTION OF LOCATION: wooded ucen | reN.NQ
DATE : 7/@/4( TIME: _ 3 :35 0 WEATHER AIR TEMP:

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

pH Eh
Temp. D.O.
Conductivity PID

LABORATORY PARAMETERS:

OBSERVATIONS :
SEDIMENT
DESCRIPTION: .
COLOR  13/com TOTAL DEPTH: (O —& "'
PARTICLE SIZE/STRATIGRAPHY
FIELD SCREENING MEASUREMENTS:
pH —_ Eh
Teap. D.0.
Conductivity PID

LABORATORY PARAMETERS: V(DA<

OBSERVATIONS: _Scpmnled oorth —mvsel aboot 2! dowsn in @mind:
+ten viear ME-SO| .,

SIGNATURE

c-4

- - AR301675



SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER ME2-Sud |
DESCRIPTION OF LOCATION: Sencll _Shtvee on 0 coedal) NN
DATE: sz I_C',_ { TIME: 240 WEATHER AIR TEMP:

SURFACE WATER
FIELD SCREENING MEASUREMENTS:
pH - Eh

Temp. D.O.
Conductivity | PID -

LABORATORY PARAMETERS: NOAs

oBsERVATIONS: Doy ' el bkeo Liomn strecu~ coaning
; . -

il TD .
SEDIMENT
DESCRIPTION:
COLOR TOTAL DEPTH:
PARTICLE SIZE/STRATIGRAPHY
FIELD SCREENING MEASUREMENTS:
pH - Eh
Temp. D.0.
- Conductivicy PID
LABORATORY PARAMETERS:
OBSERVATIONS:
SIGNATURE
C-4

AR301676




SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER S <) |

DESCRIPTION OF LOCATION: ool aten S Canng
DATE: 2 9 TIME: _3-4 5 3P0 WEATHER AIR TEMP:

o

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

pH " Eh
Temp. D.O.
Conductivity PID

LABORATORY PARAMETERs: VOA<

OBSERVATIONS : mmple e .
2P £ (= Yc_-(}_?.m&g_&igr SB .
SEDIMENT
DESCRIPTION:
COLOR TOTAL DEPTH:
PARTICLE SIZE/STRATIGRAPHY
FIELD SCREENING MEASUREMENTS:
pH Eh
Teap. D.O.
Conductivity ) PID
LABORATORY PARAMETERS:
OBSERVATIONS:
SIGNATURE
c-4

AR3GI677




SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

R
STATION NUMBER SESsD
DESCRIPTION OF LOCATION:  _ iOeexBer® 2ren (enine
DATE: _z]( jqw TIME: _4 .06 _pon WEATHER AIR TEMP:

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

pH Eh
Temp. D.Q.
Conductivity PID

1ABORATORY PARAMETERS: \NOA<2

OBSERVATIONS: _ >mole doben ot ——HoV_s,eQ nec - ST-Scdl sqwple

/OCC-“LI\O.W F‘Q‘Q\,‘\& YQ'&,( M ;21 !'g! % ]QE E L U\/LQ_JC+

SEDIMENT
DESCRIPTION:
COLOR TOTAL DEPTH:
PARTICLE SIZE/STRATIGRAPHY
FIELD SCREENING MEASUREMENTS:
pH Eh
Temp. D.O.
Conductivity PI1D
LABORATORY PARAMETERS:
OBSERVATIONS:
SIGNATURE
c-4



APPENDIX E

SLUG TEST DATA WITH GRAPHICAL RESULTS

AR301679
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ICF KAISER

ENGINEERS .
= om - i i
ICF KAISER ENGINEERS. INC.
9300 LEE HIGHWAY
FAIRFAX. VIRIGINIA 220311207
703/934-3300
; |
- TO: Claudia Brand F i
|
FROM: Jay Kuhn_ ) 1
DATE: July 16, 1990 ' |
! |
SUBJECT: Arrowhead Plating Site, Data Validation, 3 Soil Samples and 2

Water Samples, Semivolatile and Volatile Organic Analysis, Versar
Inc., Virginia. ‘ : ,
REFERENCE: Validation 5, Versar Control Number 2549 and 2502, Surface Soil,

Groundwater ’ ‘

z 1
A level I validation was performed on the organic ahalytical data froh 3 soil
samples and 1 water sample collected at the Arrowhead Plating Site as part of
the Remedial Investigation/Feasibility Study. The samples were analyzed for
EPA Target Compound List (TCL) semivolatile and volatile organics by Versar
Inc., Springfield, Virginia. A volatile organic compounds trip blank was also
included in the sample package. Validation was performed in accordance with
the EPA Functional Guidelines for Evaluating Organics Analyses (February
1,1988). A copy of the checklist has been provided as attachment for your
information.

t |
The samples included in the data package are the foilowing. ’
!

1 |
I

Water . Soil
MW1-GWl §$829
Trip Blank 10 ' Ss30

. SS31

! |

| \

Overall Data Assessment: The overall laboratory performance met quallty

control criteria with the following exceptions:

| !

1. Data for the non-detected compounds carbon disulfide, vinyl acetate, &-
methyl-2-pentanone, and 2-hexanone in sample MW-1 GW-1 should be
rejected due to the non-compliance of the continuing calibration
standard. In addition, the detected value for acetone should be
considered estimated. : :

k

2. Sample MW-1 GW-1 the identification of 2- butanone does not meec criteria
for SW846 Method 8240 or EPA Contract Laboratory Program. The result is
quaiified as tentatively identified.

S  AR301718



The method detection limits for semivolatile analysis of $829, $S30,

and
SS31 are elevated by a factor of 1.1.

- ®
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|
|
i
|
|
1
i

The following criteria were reviewed in validating the data:

‘ 1. Holding Time: All criteria met.
2. GC/MS Tune: All criteria met. |
3. Calibration:

Volatile TCL: ;
@ |
Instruments Y and U were used to perform the volatile analysis.

Calibration results for each instrument are as follows:

Initial: 4/25/90, meets criteria.
Continuing: 4/30/90, 7 compounds have a percent Deviation (ZD) >
25%.

Instrument Y

' ' \
i \

Impact on data: Results for compounds in MW1-GWl which are
quantitated on continuing calibrations with percent deviation (%D)
> 25% should be qualified as follows: detected compound values
should be estimated for acetone and all non-detected data should
be rejected for carbon disulfide, vxnyl acetate, 4- methyl -2-
pentanone, and 2-hexanone. ‘

1
| : |
b |

Instrument U

' Initial: 4/23/90, meets criteria.

Continuing: 4/27/90, 4 compounds have a %D > 25%.

i |
Impact on data: The percent deviation was greater than 25% for
bromomethane, chloroethane, acetone, and carbon disulfide. The
samples potentially impacted were S$S29, SS30, and SS31. Since the
noted analytes were not quantitated in ‘these samples, no actlon is
warranted.
? i

Semivolatile TCL: ‘

Instrument Z was used to perform semivdlatile analysis.
Calibration results for the instrument are as follows:

Instrument Z

'

| \

Initial: 5/15/90, 1 compound has a percent relative standard
deviation (XRSD) > 30%. ’ 1
Impact op data: The percent deviation was greater than 30% for 3-
nitroaniline. The samples potentially 1mpacted were SS29, SS30,
and SS31. Since the noted analyte was not quantitated in these

samples, no action is warranted. r

e
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Continuing: 5/16/90, 1 compound has a %D > 25%.

nitroaniline. Although sample results were not impacted, the
matrix spike and matrix spike duplicate for S529 could potentially
be impacted. However, this is not within the scope of a Level I
validation, and no action is warranted.

Impact on data: The percent deviation was greater than 25% for 3- ‘

4, Blanks:

Blank analysis results were assessed to evaluate the potential of
contamination contribution by the sampling and/or analytical
process. Field blanks, trip blanks, and laboratory blanks were
included in this data package. The maximum concentration of
contamination found in any of the field, trip, or laboratory
blanks and the impact on data were as follows:

Contamination
Considered
-Detected Non-detect
Concentration up to
Contamination of Contamination Conce tio Blank I.D.
Acetone 15 ug/L 150 ug/L Trip Blank 10
Methylene Chloride 1 ug/L 10 ug/L VBLK17

Impact on data: Acetone and methylene chloride were not detected in any ‘
of the associated samples; therefore, no action is warranted.

5. Surrogate Spike: All criteria were met for volatile and semivolatile
analyses.
6. Matrix Spike/Matrix Spike Duplicate:

Volatile: Meets criteria.

Semivolatile: The matrix spike, SS29MS, had three matrix spikes
out and the matrix spike duplicate, SS29MSD, had two matrix spikes
out. In addition, the relative percent deviation (RPD) for
acenapthene was out at 21%. SS29 is not impacted by these
variances nor are the individual samples associated with this

case.

7. Field Duplicates: No field duplicates submitted for this analytical
sequence.

8. Internal Standard (IS) Performance: All submitted samples meet IS
criteria.
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10.

11.

12,

TCL Compound Identification: i
Sample MW-1 GW-1 the identification of 2-Butanone does not meet criteria
for SW846 Method 8240 or EPA Contract Laboratory Program. The mass ion
39 in the sample spectrum is not within 20% of the standard spectrum.

The compound was not qualified as tentatively identified on the data
summary sheet. N i

Compound Quantitation and Reported Detection Limits:

i ‘
A dilution factor of 1.1 resulted for the semivolatile TCL analysis of
§529, S$S30 and SS31. This occurred as a result of the final extract
being spilt for pesticide analysis. It should be noted that the field
chain of custody did not designate these samples for pesticide analysis.

As a result of this dilution, the minimum method detection limits were
elevated by a factor of 1.1.

Tentatively Identified Compounds: All criteria met

System Performance: System performance acceptable.
! |
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ICF KAISER

ENGINEERS
“ICF KAISER ENGINEERS. INC
9300 LEE HIGHWAY
FAIRFAX. VIRGINIA 22031-1207
703/934-3300
TO: . Claudia Brand
FROM: Jay Kuhn
DATE: July 17, 1990
SUBJECT: Arrowhead Plating Site, Data Validation, 14 Water Samples Volatile

Organic Analysis, Versar Inc., Virginia.

REFERENCE: Validation 6, Versar Control Number 2516, Groundwater

A level I validation was performed on the organic analytical data from 14
water samples collected at the Arrowhead Plating Site as part of the Remedial

Investigation/Feasibility Study.

The samples were analyzed for EPA Target

Compound List (TCL) volatile organics by Versar Inc., Springfield, Virginia.
Validation was performed in accordance with the EPA Functional Guidelines for

Evaluating Organics Analyses (February 1, 1988).

been provided as an attachment for your information.

The samples included in the data package are the following.

GWw-1
GW-1
GW-1
GW-1
GW-1
GW-1
GW-1

SEEEEEE

MW-9 GW-1A
MW-10 GW-1
MW-12 GW-1
MW-13 GW-1
Trip Blank 11
Trip Blank 12
Equip Blank 2

Overall Assessment of Data for Samples Evaluated:

. In order to quantify target compounds, dilutions were done.

A'copy of the checklist has

As a result, the

following samples had method detection limits increased by the following

dilution factors:

Sample ID:

MW8-GW1
MW9-GW1
MW10-GW1
MW12-GW1
MW13-GWl

Dilution Factor:

100
2000
100
100
100

AR301723




i I
; i
i !

Given the extensive problems with this data set, a summary of the
available data is given. ‘

Sample MW-2 GW-1: The 6riginal analysis of this sample (MW-2 GWLl) is
not usable for the following reasons: the analysis was over-diluted by a
factor of 100, extensive contamination was present from the previous
analysis, and a surrogate was noncompliant (1,2-dichloroethane-D4). The
reextraction (MW-2 GW-1RE) is usable. As a result a not meeting holding
time, the detected result for trichloroethene, and quantitation limits
for the remaining non-detected compounds shou;d be considered estimated.

Sample MW-3 GW-1: The original analysis of this sample (MW-3 GW-1) is
not usable for the following reasons: the analysis was over-diluted by a
factor of 100 and a surrogate was noncompliant (1,2-dichloroethane-D4).
The reextraction (MW-3 GW-1RE) is usable. No target compounds were
detected; therefore, as a result a not meeting holding time,
quantitation limits for non-detected compounds should be considered
estimated. ; : |
Sample MW-5 GW-1: The original analysis of this sample (MW-5 GW-1) is
not usable for the following reasons: the analysis was over-diluted by a
factor of 100, extensive contamination was present from the previous
analysis, and a surrogate was noncompliant (1,2-dichloroethane-D4). The
reextraction (MW-5 GW-1RE) is usable. No target compounds were
detected; therefore, as a result a not meeting holding time,

quantitation limits for non-detected compounds should be con51dered
estimated.

Sample MW-6 GW-1: The original analysis of this sample (MW-6 GW-1) is
not usable for the following reasons: the analysis was over-diluted by a
factor of 100 and a surrogate was noncompliant (1l,2-cdichloroethane-D4).
The reextraction (MW-6 GW-1RE) is usable. As a result a not meéting
holding time, the result for tetrachloroethene and quantitation limits
for the remaining non-detected compounds shou;d be considered estimated.
i |
Sample MW-7 GW-1: The original analysis of this sample (MW-7 GW-1) is
usable. The potential impact on the data is as follows: detected
compound values for acetone, carbon disulfide, vinyl acetate, 4-methyl-
2-pentanone, and 2-hexanone should be estimated and reject the data of
these compounds when they are non-detected. These compounds were not
detected; therefore, the quantitation limits for these compounds should
be rejected.

Sample MW-8 GW-1: The original analysis of this sample (MW-8 GW- 12
usable. The potential impact on the data is as follows: detected
compound values for acetone, carbon disulfide, vinyl acetate, 4-methyl-
2-pentanone, and 2-hexanone should be estimated and reject the data of
these compounds when they are non-detected. Acetone was detected and
therefore should be considered estimated; the quantitation limits for
.carbon disulfide, vinyl acetate 4-methyl-2- pentanone, and 2- hexanone
should be rejected.

'

i
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Sample MW-9 GW-1: The original analysis of this sample (MW-9 GW-1) is
not usable for the following reasons: the reported results for this
analysis (MW-9 GW-1) were qualitatively verified from the diluted .

reanalysis (MW-9 GW-1DL). The results reported from the diluted
reanalysis are usable, but these results should be qualified for
methylene chloride detected in the associated reagent blank. In
addition, for not meeting holding time positive results and quantitation
limits for nonpositive results should be considered estimated. The
impact on the data is as follows: the detected results for 1,1-
dichlorocethene, 1,1,l-trichloroethane, and tetrachloroethene as well as
the quantitation limits for the remaining non-detected compounds should
be considered estimated.

Sample MW-9 GW-1lA: The original analysis of this sample (MW-9 GW-1A) is
not usable for the following reasons: the reported results for this
analysis (MW-9 GW-1lA) were qualitatively verified from the diluted
reanalysis (MW-9 GW-1ADL). The results reported from the diluted
reanalysis are usable, but these results should be qualified for
methylene chloride detected in the associated reagent blank. In
addition, for not meeting holding time positive results and quantitation
limits for nonpositive results should be considered estimated. The
impact on the data is as follows: the detected results for 1,1-
dichloroethene, 1,1,1l-trichloroethane, and tetrachloroethene as well as
the quantitation limits for the remaining non-detected compounds should
be considered estimated.

Sample MW-10 GW-1: The original analysis of this sample (MW-10 GW-1) is
not usable for the following reasons: the reported results for this
analysis (MW-10 GW-1) were qualitatively verified from the reextraction
(MW-10 GW-1RE). The results reported from the reextraction are usable,
but these results should be qualified for methylene chloride detected in
the associated reagent blank. In addition, for not meeting holding time
positive results and quantitation limits for nonpositive results should
be considered estimated. The impact on the data is as follows: the
detected results for 1,l-dichloroethene, 1,1,1-trichloroethane,
trichloroethene and tetrachloroethene as well as the quantitation limits
for the remaining non-detected compounds should be considered estimated.

Sample MW-12 GW-1: The original analysis of this sample (MW-12 GW-1) is
not usable for the following reasons: the reported results for this
analysis (MW-12 GW-1) were qualitatively verified from the reextraction
(MW-12 GW-1RE). The results reported from the reextraction are usable,
but these results should be qualified for methylene chloride detected in
the associated reagent blank. In addition, for not meeting holding time
positive results and quantitation limits for nonpositive results should
be considered estimated,/ The impact on the data is as follows: the
detected results for 1,P-dichloroethene(tos=?), 1,1,1-trichloroethane,
trichloroethene, and tetrachloroethene as well as the quantitation
limits for the remaining non-detected compounds should be considered
estimated.




I
| |
|

Sample MW-13 GW-1: The original analysis of thls sample (MW- 13 GW-1) is
not usable for the following reasons: the reported results for this
analysis (MW-13 GW-1) were qualitatively verified from the reextraction
(MW-13 GW-1RE). The results reported from the reextraction are usable,
but these results should be qualified for methylene chloride detected in
the associated reagent blank. In addition, for not meeting holding time
positive results and quantitation limits for nonpositive results should
be considered estimated. The impact on the data is as follows: the
detected results for ﬂ#rvdithvrue§heneq 1,2:dichloroethene, 1,1,1-
trichloroethane, trichloroethene and tetrachloroethene as well as the
quantitation limits for the remaining non-detected compounds should be
considered estimated.

\
i
13 i
t \
i |
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Sample Equip Blank 2: The original analysis of this sample (Equip Blank
2) is not usable for the following reasons: the reported results for
this analysis (Equip Blank 2) were qualitatively verified from the
reextraction (Equip Blank 2RE). The results reported from the
reextraction are usable, but these results should be qualified for
methylene chloride detected in the associated reagent blank. 1In
addition, for not meeting holding time positive results and quantitation
limits for nonpositive results should be considered estimated. The
. impact on the data is as follows: the detected methylene chloride is
considered non-detect and the detected result for acetone as well as the
quantitation limits for the remaining non-detect compounds should be
considered estimated. 1 [

Sample Trip Blank ll: The original analysis of this sample (T g;g Blank

11) is not usable for the following reasons: the reported results for
this analysis (Trip Blank 11) were qualitatively verified from the
reextraction (Trip Blank 11RE). The results reported from the
reextraction are usable, but these results should be qualified for
methylene chloride detected in the assocxated -reagent blank. 1In
addition, for not meeting holding time p051tive results and quantitation
limits for nonpositive results should be considered estimated. The
impact on the data is as follows: the detected methylene chloride is
considered nondetect and the quantitation limits for the remaining
nondetect compounds should be considered estimated

Sample Trip Blank 12: The original analysis of this sample gTrlp Blank

12) is not usable for the following reasons: the reported results for
this analysis (Trip Blank 12) were qualitatively verified from the
reextraction (Trip Blank 12RE). The results reported from the
reextraction are usable, but these results should be qualified for
methylene chloride detected in the associated reagent blank. In
addition, for not meeting holding time positive results and quantitation
limits for nonpositive results should be considered estimated. The
impact on the data is as follows: the detected methylene chloride is
considered nondetect and the detected result for acetone as well as the
quantitation limits for the remaining nondetecc compounds should be
considered estimated. | ‘

|
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The following criteria were reviewed in validating the data:

1.

Holding Time:

The following samples failed to meet holding time criteria: '

GW-1 MW-10 GW-1
GW-1 MW-12 GW-1
GW-1 MW-13 GW-1
GW-1 Trip Blank 11
GW-1 Trip Blank 12
GW-1A . Equip Blank 2

FEEEE

Impact on data: For all samples positive results and quantitation limits
for nonpositive results should be considered estimated.

GC/MS Tune: All criteria met.

Calibration:

Instruments Y and W were used to perform the volatile analysis.
Calibration results for each instrument are as follows.

Instrument Y

Initial: 4/25/90, meets criteria.
Continuing: 4/30/90, 7 compounds have a %D > 25%.

Impact on data: Results for compounds which are quantitated on ‘
continuing calibrations with percent deviation (%ZD) > 25% should be

qualified as follows: detected compound values for acetone, carbon

disulfide, vinyl acetate, 4-methyl-2-pentanone, and 2-hexanone should be
estimated and reject the data of these compounds when they are non-

detected. The samples potentially impacted are MW-8 GW-1 and MW-7 GW-

1. The detection of acetone in MW-8 GW-1 should be considered

estimated. The non-detect data for carbon disulfide, vinyl acetate, &4-
methyl-2-pentanone, and 2-hexanone should be rejected for MW-8 GW-1 and

MW-7 GW-1.

Instrument W

Initial: 4/27/90, meets criteria.
Continuing: 4/27/90, 1 compound has a %D > 25%.

Impact on dats: Results for the compound acetone which is quantitated on
a continuing calibration with a percent deviation (%D) > 25% should be
qualified as follows: the detected compound value for acetone should be
estimated. The samples potentially impacted are MW-13 GW-1, MW-12 GW-
1, MW-10 GW-1, Trip Blank 12, Trip Blank 11, Equip Blank 2, MW-9 GW-1A,
and MW-9 GW-1. Due to loss of data during transfer from disk to tape,

these analyses are not usable.
1 ‘
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Initial: 4/30/90, meets criteria.

Initial: 5/7/90, meets criteria.
Continuing: 5/8/90, 1 compound has a %D > 25%.

Impact on data: Results for the compound chloromethane which is
quantitated on a continuing calibration with a percent deviation (%D) >
25% should be qualified as follows: the detected compound value for
chloromethane should be estimated. The samples potentially impacted are
Equip Blank 2RE (reextraction), Trip Blank 11RE (reextraction), Trip
Blank 12RE (reextraction), MW-9 GW-1DL (dilution), MW-9 GW-1lADL
(dilution), MW-10 GW-1RE (reextraction), MW-10 GW-1RE (reextraction),
MW-12 GW-1RE (reextraction), and MW-13 GW-1RE (reextraction). This
compound was not detected in these samples. ;

: 1

Blanks: ' ; i

4. |

The intent of blank analysis results are to evaluate the potential of

contamination contribution by the sampling and/or analytical process.

Both field blanks and laboratory blanks are included in this data

package. The maximum concentration of contamination found in any of the

field or laboratory blanks are as follows: 1

| |
Contamination
Considered
Detected Non-detect
Concentration up to

Contamination of Contamination Concentration ' Blank I.D.
Methylene Chloride 1 ug/L 10 ug/L VBLK17
Methylene Chloride 5 ug/L 50 ug/L VBLK21
Acetone 8 ug/L 80 ug/L VBLK4S
Acetone 15 ug/L 150 ug/L VBLK66
Acetone 12 ug/L 120 ug/L Equip Blank 2
Methylene Chloride 4 ug/L : 40 ug/L Equip Blank 2RE
Acetone 10 ug/L 100 ug/L Equip Blank 2RE
Acetone 13 ug/L 130 ug/L Trip Blank 11
Methylene Chloride 5 ug/L 50 ug/L Trip Blank 11RE
Acetone 13 ug/L 130 ug/L Trip Blank 12
Methylene Chloride 6 ug/L 60 ug/L Trip Blank 12RE
Acetone 10 ug/L 100 ug/L Trip Blank 12RE
5. Surrogate Spike:

Surrogate recovery windows created from EPA Contract Laboratory Program
data base. The following samples had the same surrogate out for the
original analyses: MW-2 GW-1, MW-3 GW-1, MW-5 GW-1, and MW-6 GW-1.
Impact on data: The data for these analyses are not usable (see Overall
Assessment Section). ' 5

!
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6. Matrix Spike/Matrix Spike Duplicate:

All recoveries and Relative Percent Deviations (RPD's) meet criteria. '

7. Field Duplicates:

The field duplicates are MW-9 GW-1 and MW-9 GW-1lA as well as MW-9 GW-1DL
(dilution) and MW-9 GW-1ADL (dilution). Samples MW-9 GW-1 and MW-9 GW-
1A were analyzed within holding time but the results exceeded the linear
range of the curve. The dilutions were within linear range but exceeded
the holding time. These results and Relative Percent Deviations (RPDs)
are as follows:

Compound

Quantitated MW-9 GW-1 MW-9 GW-1A RPDs
1,1-Dichloroethene 11,000 ug/L 9,900 ug/L 11%
1,1,1-Trichloroethane 180,000 ug/l 160,000 ug/L 12%
Trichloroethene 610 ug/L 580 ug/L 5%
Tetrachloroethene 28,000 ug/L 25,000 ug/L 11%

The results for the reanalysis at a dilution (suffix DL) are as follows:

Compound

Quantitated MW-9 GW-1DI, MW-9 GW-1ADL RPDs
1,1-Dichloroethene 9,900 ug/L 9,800 ug/L 1%
1,1,1-Trichloroethane 150,000 ug/L 140,000 ug/L 7%
Trichloroethene ND ND 0%
Tetrachlorothene 26,000 ug/L 26,000 ug/L 0%
Methylene Chloride 14,000 ug/L 15,000 ug/L 7%

Legend:ND-not detected as a result of the dilutionm.

Impact on data: The field duplicates reflect good precision. It is in
the reviewers judgement that there is no significant impact on the data.

8. Internal Standard (IS) Performance:

All submitted samples meet IS criteria except MW-6 GW-1MS (matrix spike)
and MW-6 GW-1MSD (matrix spike duplicate). Both samples had low
internal standards (1l,4-difluorobenzene and chlorobenzene). Impact on

data: positive results which are quantitated from the internal standards
should be estimated as well as quantitation limits for non-positive
results,

9. TCL Compound Identification:

As a result of the failure of the data system of instrument W,

|

AR30G1729




|
|

identification of compounds were from the reextraction (outside holding
time) and the values reported were from the original extraction. This
applies to the following samples: MW-9 GW-1, MW-9 GW-1lA, MW-10 GW-1, MW-
12 GW-1, MW-13 GW-1, Equip Blank 2, Trip Blank 11, and Trip Blank 12.

10. Compound Quantitation and Reported Detection;Limits:
As a result of over-dilution, method quantitétion limits were ﬁot met
for the following files: MW-2 GW-1, MW-3 GW-1, MW-S5 GW-1, and MW-6 GW-1.
It should be noted that reextractions (outside holding time) are
available for these samples. In addition, in order to quantify target
compounds, dilutions were done. As a result, the following samples had
method detection limits increased by the following dilution factors:

Sample ID: Dilution Factor:

MW8-GW1 100

MW9-GW1 2000

MW10-GW1l 100

MW12-GW1 100

MW13-GW1 100 |

11. Tentatively Identified Compounds: All criteria met.

12. System Performance:

I
For instrument W, during transfer of data from disk to tape, all data
was lost. This impacts the results for the following samples: MW-2 GW-
1, MW-3 GW-1, MW-5 GW-1, MW-6 GW-1, MW-9 GW-1, MW-9 GW-1lA, MW-10 GW-1,
MW-12 GW-1, MW-13 GW-1, Trip Blank 11, Trip Blank 12, and Equig Blank 2.
E |
! !
|
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|
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ICF KAISER

ENGINEERS
ICF KAISER ENGINEERS. INC .
9300 LEE HIGHWAY
FAIRFAX, VIRGINIA 22031-1207
703/934-3300
TO: Claudia Brand
FROM: Jay Kuhn
DATE: July 16, 1990
SUBJECT: Arrowhead Plating Site, Data Validation, 12 Water

Samples,Semivolatile Organic Analysis, Versar Inc., Virginia.

REFERENCE: Validation 7, Versar Control Number 2516, Groundwater

A level I validation was performed on organic analytical data from 14 water
samples collected at the Arrowhead Plating Site as part of the Remedial
Investigation/Feasibility Study. The samples were analyzed for EPA Target
Compound List (TCL) semivolatile organics by Versar Ine., Springfield,
Virginia. Validation was performed in accordance with the EPA Functional
Guidelines for Evaluating Organics Analyses (February 1, 1988). A copy of the
checklist has been provided as an attachment for your information.

The samples included in the data package are the following. '
MW-2 GW-1 MW-9 GW-1A

MW-3 GW-1 MW-10 GW-1

MW-5 GW-1 MW-12 GW-1

MW-6 GW-1 MW-13 GW-1

MW-7 GW-1 Equip Blank 2

MW-8 GW-1

MW-9 GW-1

Overall Assessment of Data for Samples Evaluated:

The non-detected data results for the semivolatile acid fraction of sample MW-
10 GW-1 should be rejected due to poor surrogate recovery.

AR30173]




The following criteria were reviewed in validating the data:

1.
2.

3.

Holding Time: All criteria met.

GC/MS Tune: All criteria met.

i
'

Calibration: ; i
Instrument T was used to perform the semivolatile analysis. Calibration
results for the instrument are as follows.

Instrument T , ;

Initial: 5/18/90, 1 compound, benzoic acid, has a X%RSD > 30%.
Impact on data: Results for compounds which are quantitated on initial
calibrations with percent deviation (%D) > 30X% should be qualified as
follows: detected compound values for benzoic acid should be estimated.
The samples potentially impacted are MW-2 GW-1, MW-3 GW-1, MW-5 GW-1,
MW-6 GW-1, and MW-7 GW-1. Benzoic acid was not detected in any of these
samples. '

Continuing: 5/21/90, meets criteria.

|
|
|
Blanks:

The intent of blank analysis results are to evaluate the potential of
contamination contribution by the sampling and/or analytical process.
Both field blanks and laboratory blanks are included in this data
package. No compounds were detected in the blanks and therefore there
is no impact on the data.

'
v

Surrogate Spike: ) 1
P i
Sample MW-10 GW-1 had one acid surrogate at less than 10%. It should be
noted that no more sample was available for reextraction.

|
[mpact on data: The detection of compounds from the acid fraction should
be considered estimated and reject the non-detect data for the acid
fraction. | |

: L
Matrix Spike/Matrix Spike Duplicate: not done with this analyt1ca1
sequence,

Field Duplicates:

The field duplicates are MW-9 GW-1 and MW-9 GW-1A. No compounde were
detected in ether MW-9 GW-1 or MW-9 GW-1A. :

{
i

Internal Standard (IS) Performance: meets criteria.

! |
i o
| |
I
i
t
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10.

11.

12.

TCL Compound Identification: All qualitative analysis acceptable.

Compound Quantitation and Reported Detection Limits: All quantitation
limits were met. Instrument detection limits were not supplied.

Tentatively Identified Compounds: All criteria met.

System Performance: Acceptable

AR301733
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ENGINEERS ;
. ICF KAISER ENGINEERS. INC.
9300 LEE MHIGHWAY
i I;gl;f;;‘tVéﬂsg;guA 2203111207
TO: Claudia Brand
| |
FROM: Jay Kuhn
DATE: July 17, 1990
SUBJECT: Arrowhead Plating Site, Data Validacion; 2 Soil Boring Samples,

4 Water Samples, Semivolatile Organic Analysis, Versar

Inec., Virginia. ‘

REFERENCE: Validation 8, Versar Control Number 2753 and 2763, Soil Borlng,
Groundwater ;

, |
A level I validation was performed on the organic analytical data from 2 soil
boring samples, 2 groundwater samples, and field blanks collected at the
Arrowhead Plating Site as part of the Remedial Inve;tlgatlon/Feaslblllty
Study. The samples were analyzed for EPA Target Compound List (TCL)
semivolatile organics by Versar Inc., Springfield, Virginia. Validation was
performed in accordance with the EPA Functional Guidelines for Evaluating
Organics Analyses (February 1, 1988). A copy of the checklist has been
provided as an attachment for your information.

‘ The samples included in the data package are the folglowing.

Water Sample: Soil Sagg;i:

Equipment Blank 3 SB4-SS3 (10-12')

Equipment Blank 4 SB4-SS3A (10-12')

MW1 -GW2 | ; ‘
MW2 -GW2

I

Note: Samples Trip Blank 13 and Trip Blank (received55/18/90) were lisfed in
the narrative, but no data for these samples were submitted in this data
package. |

i - |
Overall Assessment of Data for Samples Evaluated: I

|
The reagent blank SBLK74 is noncompliant with respect to surrogate
recoveries. The laboratory submitted another reagent blank, SBLK71, which was
extracted on the same day as the soil samples SB4-SS3 and SB4-SS3A; however,
this blank was not associated with the extraction sequence of these soil
samples. Although the use of SBIK71l is questiomable with respect to
determining contamination contribution from the extraction process, it is in
the reviewers judgement that the noncompliant surrogate recoveries is an
isolated occurrence and does not reflect a fundamencal problem with the

extraction process; therefore, no qualification of the data is warrantgd
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The following criteria were reviewed in validating the data:

1.

2.

3.

Holding Time: All criteria met
GC/MS Tune: All criteria met.
Calibration:

Semivolatile Analysis Calibration:

Instrument T was used to perform the semivolatile analysis.
Calibration results for this instrument is as follows:

Instrument T

Initial: 6/11/90, 1 compound, benzoic acid, has a percent relative
standard deviation (%RSD) > 30%.

Impact on data: No samples were quantitated on this initial
calibration.

Continuing: 6/12/90, 1 compound, benzoic acid, has a percent
deviation (%D) > 25%.

Impact on data: Results for compounds which are quantitated on
continuing calibrations with %D > 25% should be qualified as
follows: detected compound values should be estimated for benzoic
acid. The samples potentially impacted are SB4-SS3, SB&4-S583A,
SB4-SS3MS, and SB4-SS3MSD. Benzoic acid was not detected in any
of these samples. :

Instrument 2
Initial: 6/7/90, Meets criteria.

Continuing: 6/7/90, 1 compound, 4-chloroaniline, has a percent
deviation (%D) > 25%.

Impact on data: Results for compounds which are quantitated on
continuing calibrations with %D > 25X should be qualified as
follows: detected compound values should be estimated for 4-
chloroanilne. The samples potentially impacted are MW1-GW2 and
MW2-GW2. 4-Chloroaniline was not detected in any of these

samples.

Blanks:
The intent of blank analysis results are to evaluate the potential of
contamination contribution by the sampling and/or analytical process.

Both field blanks and laboratory blanks are included in this data
package. The compound bis(2-ethylhexyl)phthalate was detected at 53

1
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» |
i |
| |
ug/Kg in laboratory blank SBLK71. This would result in a ‘considered
nondetect' value of 530 ug/Kg for associated samples. It should be
noted that, although this blank was extracted on the same day as the
samples, this reagent blank is not the associated blank for the
semivolatile extraction sequence.

Surrogate Spike: |
Water Matrix: ; }

i |
Surrogate recovery windows created from EPA Contract Laboratory Program
data base. All samples and field blanks for the water matrix had high
acid surrogate recoveries. Due to lack of sample reextractions were
not done. !

|

Impact on data: All positive results for the écid fraction should be
considered estimated for the following samples: MW1-GW2 and MW2-GW2. No
compounds from the acid fraction were detected. |
: i
Soil Matrix:
| i
| !
All surrogates for the reagent blank SBLK74 were less than 10%.
i !
Impact on data: The laboratory submitted another reagent blank, SBLK71,
which was extracted on the same day as the soil samples SB4-SS3 and SBé4-
SS3A; however, this blank was not associated with the extraction
sequence of these soil samples. Although the use of SBLK71 is
questionable with respect to determining contamination contribution from
the extraction process, it is in the reviewers judgement that this
represents an isolated occurrence and does not reflect a fundamental
problem with the extraction process. ; \
? i

Matrix Spike/Matrix Spike Duplicate: .

The matrix spike SB4-SS3MS had a low recoverylfor n-nitroso-di-
propylamine. In addition, the relative percent deviations (RPDs) were
noncompliant for both acid and base neutral matrix spike compounds.

: !
Impact _on data: Although this could reflect poor precision for the
analytical process. It is in the reviewers judgement that there is no
impact on the data. ‘ '

Field Duplicates: } i
| !

The field duplicates for the soil matrix are SBQ-SS3 and SB4-SS3A. No
target compounds were detected in ether sample.
Internal Standard (IS) Performance: All crite:ia met.

TCL Compound Identification: All criteria met.
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10,

11.

12,

Compound Quantitation and Reported Detection Limits:

Instrument detection limits were not submitted. Quantitation limits
were met except for reagent blank SBLK71. This reagent blank's
quantitation limit should be increased by 1.033.

Tentatively Identified Compounds: All criteria met.

System Performance: All criteria met.
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ICF KAISER

ENGINEERS 1
ICF KAISER ENGINEERS. INC
9300 LEE HIGHWAY
FAIRFAX VIRGINIA 22031-1207
703/934:3300 ;
TO: Claudia Brand i
|
FROM: Jay Kuhn |
DATE: July 17, 1990 g |
SUBJECT: Arrowhead Plating Site, Data Validation}'IB Water Samples and 2

Soil Samples, Volatile Organic Analysis, Versar Inc., Virginia.
l
REFERENCE: Validation 9, Versar Control Number 2763 and 2769, GroundWater

Soil Boring ‘
; i

| | |
A level I validation was performed on the organic analytical data from 10
water samples and 2 soil samples collected at the Arrowhead Plating Site as
part of the Remedial Investigation/Feasibility Study. The samples were
analyzed for EPA Target Compound List (TCL) volatile organics by Versar Inc
Springfield, Virginia. Validation was performed in accordance with the EPA
Functional Guidelines for Evaluating Organics Analyses (February 1, 1988). A
copy of the checklist has been provided as an attachment for your inf?rmation.

i |

The samples included in the data package are the following.

MW1-GW2 MWS -GW2 ‘ MW10-GW2
MW2-GW2 MW6 -GW2 » MW12-GW2
Trip Blank MW7-GW2 i MW13-GW2
SB4-883 (10-12') MW8 -GW2 ’ Field Blank 5
SB4-SS3A (10-12') MW9-GW2 Trip Blank 15

|
P
|

Overall Assessment of Data for Samples Evaluated:
| !

1. In order to quantify target compounds, dilutidns were done. As a
result, the following samples had quantltatlon limits increased by the
following dilution factors:

[
1

Sample ID . Dilution Factor
t
MW7 -GW2 2
MW8 -GW?2 100
MW9-GW2 500
MW10-GW2 500 , 1
MW12-GW2 200 1 \

MW13-GW2 200



2. Contrary to laboratory deliverables, the qualitative identification of
the following compounds did not meet criteria. The mass ion intensity
of the sample spectrum was not within 20% of the standard spectrum.
Therefore, the following compounds should be qualified as tentatively

identified:
Sample ID: Target Compound:
MW2-GW2 Trichloroechene
MW6-GW2 Tetrachloroethene
MW7 -GW2 Trichloroethene
Tetrachloroethene
MW8-GW2 Trichloroethene
Tetrachloroethene
MW9 -GW2 1,1-Dichloroethene
: Tetrachloroethene
MW10-GW2 1,1-Dichlorothene
Trichloroethene
Tetrachloroethene
MW12-GW2 Tetrachloroethene
MW13-GW2 Trichloroethene
Tetrachloroethene
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The following criteria were reviewed in validating the data:

1.

2.

i

Holding Time: All criteria met.
GC/MS Tune: All criteria met.

Calibration:
| S

Instruments U and Y were used to perform the volatlle analysxs.

Calibration results for each instrument are as follows. ‘

. i

|

- Instrument U : i
\ .

Initial: 5/21/90, 1 compound, bromoform, has - a relative standard
deviation (%ZRSD) > 30%.
Impact on data: No compounds were quantitated;from the initial
calibration. t

‘ \
Continuing: 5/24/90, 2 compounds, chloromethane and carbon disulfide
have a %D > 25%. | !

{ |-
Impact on data: Results for compounds which are quantitated on
continuing calibrations with percent deviation (%ZD) > 25X should be
qualified as follows: detected compound values for chloromethane should
be estimated.. The samples potentially impacted are SB4-SS3 and SB4-
SS3A. This compound was not detected in ether sample.

Instrument Y
Initial: 5/22/90, meets criteria.

Continuing: 5/22/9Q, 6 compounds, acetone, 1,1,l-trichloroethane, 1,2-
dichloroethane, vinyl acetate, bromodichloromethane, and cis-1,3-
dichloropropene have a %D > 25X. L

Impact on data: Results for compounds which are quantitated on
continuing calibrations with percent deviation (%D) > 25% should be
qualified as follows: detected compound values for acetone, 1,1,1-
trichloroethane, 1,2-dichlorocethane, vinyl acetate,
bromodichloromethane, and cis-1,3-dichloropropene should be estimated.
The samples potentially impacted are MW1-GW2 and MW2-GW2. These
compounds were not detected in ether MW1-GW2 or MW2-GW2.

Initial: 5/23/90, 1 compound, acetone, has a %ZRSD > 30%.

: i
Impact on data: Results for compounds which are quantitated on initial
calibrations with a %RSD > 30% should be qualified as follows: detected
compound values for acetone should be estimated. The samples
potentially impacted are MW5-GW2, MW6-GW2, MW10-GW2, MW12-GW2, MW13-GW2,
MW7-GW2, Field Blank 5, and Trip Blank 15. Ace:one was not detected in
any of these samples. .

}
i
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Continuing: 5/24/90, meets criteria.

4 Blanks: ‘
The intent of blank analysis results are to evaluate the potential of
contamination contribution by the sampling and/or analytical process.

Both field blanks and laboratory blanks are included in this data
package. There were no volatile compounds detected in any of the
laboratory or field blanks.

5. Surrogate Spike:

Surrogate recovery windows created from EPA Contract Laboratory Program
data base. All surrogate recoveries are compliant.

6. Matrix Spike/Matrix Spike Duplicate:
No matrix spike/matrix spike duplicate was done with this analytical
sequence.

7. Field Duplicates:

The field duplicates are SB4-583 and SB4-SS3A. Methylene chloride was
detected and 12 ug/Kg and 9 ug/Kg respectively with a RPD of 29%.

8. Internal Standard (IS) Performance: All criteria met.

9. TCL Compound Identification: ‘

Qualitative identification of a target compound requires that the mass
ion intensity of the sample spectrum be within 20% of the standard
spectrum. This criteria for TCL identification was not met for the
following compounds and corresponding samples:

Sample ID: Target Compound:
MW2-GW2 Trichloroethene
MW6 -GW2 Tetrachloroethene
MW7 -GW2 Trichloroethene
Tetrachloroethene
MW8-GW2 Trichloroethene
Tetrachloroethene
MW9-GW2 1,1-Dichloroethene
) Tetrachloroethene
MW10-GW2 1,1-Dichlorothene
Trichloroethene
Tetrachloroethene
MW12-GW2 i Tetrachloroethene
MW13-GW2 Trichloroethene
Tetrachloroethene
Impact on data: These results will be qualified as tentatively identified. .
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10. Compound Quantitation and Reported Detection Limits:

'

'

The following dilutions occurred in order to quantitated target

compounds within the range of the initial calibration:

Sample ID

MW7 -GW2
MW8-GW2
MW9-GW2
MW10-GW2
MW12-GW2
MW13-GW2

As a result of these dilutions the method quantitation limits are
increased by the dilution factor for non-detected compounds.

11. Tentatively Identified Compounds: All criteria met.

Dilution Faccor

2

100
500
500
200
200

12. System Performance: All criteria met.

t

i
|

|
|
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ICF KAISER

ENGINEERS
ICF KAISER ENGINEERS. INC ‘
9300 LEE HIGHWAY
FAIRFAX. VIRGINIA 22031-1207
703/934-3300
TO: Claudia Brand
FROM: Jay Kuhn
DATE: July 17, 1990
SUBJECT: Arrowhead Plating Site, Data Validation, 9 Water Samples,

Semivolatile Organic Analysis, Versar Inc., Virginia.

REFERENCE: Validation 10, Versar Control Number 2769, Groundwater

A level I validation was performed on the organic analytical data from 8 water
samples collected at the Arrowhead Plating Site as part of the Remedial
Investigation/Feasibility Study. The samples were analyzed for EPA Target
Compound List (TCL) semivolatile organics by Versar Inc., Springfield,
Virginia. Validation was performed in accordance with the EPA Functional
Guidelines for Evaluating Organics Analyses (February 1, 1988). A copy of the
checklist has been provided as an attachment for your information.

The samples included in the data package are the following. ‘
AN

MW5 -GW2 MW8 -GW2 MW12-GW2

MW6 -GW2 MW9-GW2 MW13-GW2

MW7 -GW2 MW10-GW2 Field Blank 5

Overall Assessment of Data for Samples Evaluated:

1. ‘The acid fraction for sample MW8-GW2 is non-compliant due to poor
surrogate recoveries. All samples results for the fraction were
reported as non-detected, therefore the data for the acid fraction
should be rejected.

2. Data results for 3,3'-Dichlorobenzidene in samples MW5-GW2, MW6-GW2,
MW7-GW2, MW8-GW2, MW9-GW2, MW10-GW2, and MW12-GW2 should be rejected due
to non-compliant continuing calibration.
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The following criteria were reviewed in validating the data:
‘ }

1. Holding Time: All criteria met
‘ 2. GC/MS Tune: All criteria met.
3. Calibration: |

Instruments T and W were used to perform the volatlle ana1y51s;
Calibration results for each instrument are as follows.
- -
Instrument T ;
| |
Initial: 6/11/90, 1 compound, Benzoic Acid, has a relative standard
deviation (%RSD) > 30%. ;
‘ i
Impact on data: No samples were quantitated from this initial
calibration. L
i i
Continuing: 6/19/90, 6 compounds, Benzoic Acid, 2-Nitroaniline, 4-
Nitrophenol, 4-Bromophenyl-phenylether, Hexachlorobenzene, and

Butylbenzylphthalate have a percent deviation (%D) > 25%.

' Impact on data: Results for compounds which are quantitated on
continuing calibrations with percent deviation (XD) > 25% should be
qualified as follows: detected compound values for all 6 compounds
should be estimated. The sample potentially impacted is MW13-GW2. No

. compounds were detected in this sample.

Instrument W

Initial: 6/8/90, 4 compounds, Bis(2-chloroisobropyl)echer, 4-
Chlorocaniline, 3-Nitroaniline, and 4-Nitroaniline have a X%RSD >‘30%.
* ;
Impact on data: No samples were quantitated from this initial
calibration.

'
[

Continuing: 5/22/90, 2 compounds, 3- NiCroaniline and 3, 3'
Dichlorobenzidene have a %D > 25%.

Impact _on data: Results for compounds which are quantitated on
continuing calibrations with percent deviation (%D)- > 25% should be
qualified as follows: detected compound values for 3-Nitroaniline and
3,3'-Dichlorobenzidene should be estimated and reject the data of 3,3'-
chhlorobenzidene when non-detected. The samples impacted are MWS-GW2,
MW6-GW2, MW7-GW2, MW8-GW2, MW9-GW2, MW10-GW2, and MW12-GW2. Neither 3-
Nitroaniline or 3,3'-Dichlorobenzidene were detected. The data will be
qualified for the reJectlon of non-detect data of 3,3'-
Dichlorobenzidene. ‘ ‘

|
t

4, Blanks: |

. i
| |

The intent of blank analysis results are to evaluate the pocential of
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contamination contribution by the sampling and/or analytical process.

Both field blanks and laboratory blanks are included in this data

package. ‘There were no volatile compounds detected in any of the

laboratory or field blanks. ‘

5. Surrogate Spike:
Surrogate recovery windows created from EPA Contract Laboratory Program
data base. The following are non-compliant surrogate recoveries:
Sample ID: 2-Fluorophenol: Iribromophenol:
MW10-GW2 10%
MW8-GW2 11% 5%
Impact on data: Sample MW8-GW2 is non-compliant. The laboratory stated
that no more sample is available to reextract. All positive results for
the acid fraction for sample MW8-GW2 should be considered estimated and
reject all non-detect data.
6. Matrix Spike/Matrix Spike Duplicate:
No matrix spike/matrix spike duplicate was done with this analytical
sequence.
7. Field Duplicates:
No field duplicate was done for this analytical sequence. ‘
8. Internal Standard (IS) Performance: All criteria met.
9. TCL Compound Identification: All criteria met.
10. Compound Quantitation and Reported Detection Limits:
Quantitation limits were met. Instrument detection limits were not
submitted,
11. Tentatively Identified Compounds: All criteria met.
12, System Performance: All criteria met.
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ICF KAISER l

ENGINEERS
ICF KAISER ENGINEERS. INC
9300 LEE HIGHWAY
FAIRFAX. VIRGINIA 22031- 1207
703/934 -3300 }
1 !
TO: Claudia Brand ; |
t
| ‘
FROM: Jay Kuhn ,
|
DATE: July 18, 1990 ‘
5 !
SUBJECT: Arrowhead Plating Site, Data Validation, 5 Water Samples
Semivolatile and Volatile Organic Analysxs, Versar Inc.,
Virginia.

t
REFERENCE: Validation 14, Versar Control Number 2885, Groundwater,

i \

g \
A level I validation was performed on the organic analytical data from 3
groundwater samples collected at the Arrowhead Plating Site as part of the
Remedial Investigation/Feasibility Study. The samples were analyzed for EPA
Target Compound List (TCL) volatile and semivolatile organics by Versar Inc.,
Springfield, Virginia. A volatile organic compounds trip blank is included in
this analytical sequence. Validation was performed in accordance with the EPA
Functional Guidelines for Evaluating Organics Analyses (February 1, 1988). A
copy of the checklist has been provided as an attachment for your information.

The samples included in the data package are the foilowing«

MW3-GW2 MW4 - GW1 MW11-GWl . Field Blank
? Trip Biank
! I
{ ) !
Note: Sample MW4-GW1l and MW11l-GW1l were incorrectly designated MW4-GW2 and
MW11-GW2 on the field chain-of-custody. These samples are first round
groundwater samples; therefore, with respect to data summaries and valldatlons
they will be designated MW4-GW1l and MW11l-GW1. ;
Overall Assessment of Data for Samples Evaluated: \
| |
1. The detected values of methylene chloride in MW4-GW1l, MW1l-GW1l, and MW3-
GW2 should be considered non-detected. : . ;
i \
2. For the semivolatile analysis of MW1l-GWl no surrogate compounds were
detected; therefore, all non-detect data shouLd be rejected. ‘
? :
3. In order to quantify target compounds, two diiucions of MW11l-GWl were
done. As a result the method detection limits should be increased by a
factor of 5. {

l |
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The following criteria were reviewed in validating the data:

1.

2.

Holding Time: All criteria met .
GC/MS Tune: All criteria met.
Calibration:

Volatile analysis:

Instrument U was used to perform the volatile analysis. Calibration
results for this instrument is as follows.

Instrument U

Initial: 6/14/90, 2 compounds, acetone and 2-butanone, have a relative
standard deviation (XRSD) > 30%.

Impact _on data: No compounds were quantitated from the initial
calibration.

Continuing: 6/14/90, 1 compound, chloroethane, has a %D > 25%.

Impact on data: Results for compounds which are quantitated on

continuing calibrations with percent deviation (%D) > 25% should be

qualified as follows: detected compound values for chloroethane should

be estimated. The samples potentially impacted are MW3-GW2, MW4-GW1,

and MW11-GWl. Chlorcethane was not detected in any of these samples;
therefore, no qualification of the data is warranted. .

Continuing: 6/15/90, meets criteria.
Semivolatile analysis:

Instrument Z was used to perform the semivolatile analysis. Calibration
results for this instrument is as follows.

Instrument Z
Initial: 6/7/90, meets criteria.
Continuing: 6/19/90, 1 compound, 3-nitroaniline, has a XD > 25%.
Impact on data: Results for compounds which are quantitated on
continuing calibrations with percent deviation (%D) > 25% should be
qualified as follows: detected compound values for 3-nitroaniline should

be estimated. The samples potentially impacted are MW3-GW2, MW4-GW1,
and MW11-GWl. 3-Nitroaniline was not detected in any of these samples;

therefore, no qualification of the data is warranted.

Initial: 6/26/90, meets criteria.
1 @
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i
Continuing: 6/28/90, 1 compound, 2-methylnaphthalene, has a ZD%>252.

Impact on data: Results for compounds which ére quantitated on
continuing calibrations with percent deviation (%D) > 25% should be
qualified as follows: detected compound values for 2-methylnapthalene
should be estimated. No samples are impacted by this therefore, no
qualification of the data is warranted. }
|
o |
The intent of blank analysis results are to evaluate the potential of
contamination contribution by the sampling and/or amalytical process.
Both field blanks and laboratory blanks are included in this data
package. The maximum concentration of contamination found in any of the
field, trip, or 1aboratory blanks is as follows

Blanks:

Contamination
Considergd
Detected Non-detect
Concentration up to
Contamination of Contamination Concentrotiog Blank I.D.
Methylene Chloride 6 ug/L 60 ug/L VBLKS7
Methylene Chloride 4 ug/L 40 ug/L - Field Blank
Methylene Chloride 4 ug/L 40 ug/L Trip Blank

Impact on data: The detected values of methyiene chloride in M@&-GWI,
MW11l-GW1l, and MW3-GW2 should be considered non-detected.

Surrogate Spike: ‘
! |

| -\
Surrogate recovery windows created from EPA Contract Laboratory Program
data base. All surrogate recoveries were compliant for the volatile
organic analyses. All surrogate recoveries were compliant for the
semivolatile organic analyses except MW1l-GW1l in which all surrogates
were non-detect. This is likely a result of not spiking surrogate
compounds into the sample.
Impact on data: No target compounds were detécted; therefore, all non-
detect data should be rejected. .
! |
Matrix Spike/Matrix Spike Duplicate: No matrlx spike/matrix splke
duplicate was done with this analytical sequence

i
Field Duplicates: No field duplicates were doné with this analytical
sequence. ' ‘

Internal Standard (IS) Performance: All critéria met:..
TCL Compound Identification: All criteria meﬁ.

\ "
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10.

11.

12.

Compound Quantitation and Reported Detection Limits:

Instrument detection limits were not submitted. 1In order to quantify
target compounds, two dilutions of MW1l-GWl were done. As a result the
method detection limits should be increased by a factor of 5.

Tentatively Identified Compounds: All criteria met.

System Performance: All criteria met.
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ICF KAISER

ENGINEERS
ICF KAISER ENGINEERS. INC -
9300 LEE HIGHWAY
FAIRFAX VIRGINIA 22031- 1207
703/934-3300 )
i |
TO: Claudia Brand . 1
| |
FROM: Davida Parker Trumbo , v :
i
DATE: July 12, 1990 ‘

SUBJECT: Arrowhead Plating Site, Data Validation, 2 Soil and 4 Water Samples for Inorgamc
Analysis, Versar Inc., Control No, 2763

i |
|
A data validation was performed on the inorganic analytical data from 2 soil and 4 water samples
collected at the Arrowhead Plating Site as part of the remedial mvestlgatlon/feas;bmty study. The
samples were analyzed in accordance with EPA Contract Laboratory Program protocols for cyanide

and in accordance with SW-846 protocols for the following metals:

Aluminum Chromium Mercury Sodium
Barium Copper Potassium ° Zinc
Calcium fron Nickel

Cadmium Lead Silver

? !
The data was validated in accordance with quality control criteria established in the noted analytical
methods. A copy of the checklist used to record the specific observances has been provided for your
information as an attachment to this report. ‘ 1

|

samples in this data package included:

MW1-GW2 A Mwa-Gw2 SB4-SS3
MW1-GW2 F MW2-GW2 F SB4-SS3A | ‘
: :

Overall Data Assessment: The overall laboratory performance met quality control criteria with the

following exceptions: ' ‘

1. Cyanide samples were analyzed approximately 25 days after sample callection.. The detectlon
limits for this analyte should be considered elevated, mdncatmg the potential for faise negatnves
Results for MW1-GW2 and MW2-GW2 should be rejected, and soil boring sample results should
be considered approximate. l ‘

; ' |

2. Silver results are rejected for all monitoring well samples due to poor recoveries associated with

the matrix spike. The potential for false negatives exists due to elevated detection Inm:ts

4. Nickel and potassium results in the water samples and copper results in soil samples should be
approximated due to variances associated with the laboratory duplicate analysis.
| |
5. Calcium, chromium, nickel, sodium, and zinc duplicate resuits in samples SB4-SS3 and SB4-
SS3A exhibited significant variances. This could be attributable to several factors including the
non-homogeneity of the sample. Results for the analytes in theses samples may therefore be
viewed as approximate.
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Data Validation

Control No: 2763
Page20of2 '
6. Sodium and zinc results are approximated in soil boring samples SB4-SS3 and SB4-SS3A due to
chemical or physical interferences associated with the ICP analysis.

The following criteria were reviewed during the data validation:

1. Holding Times: All criteria were met with the exception of cyanide which was analyzed after the
recommending holding period of 14 days. Cyanide results for water sampies should be rejected
and soil boring results should be considered approximate.

2. Initial and Continuing Calibration Verification: All criteria met.
3. Blank Analysis: All criteria were met.
4, ICP Interference Check Sample: All criteria were met,

5. Matrix Spike Sample Analysis: The spike recovery for MW1-GW1 was 9% and suggests
accuracy problems. The resulits for silver in all water samples should be rejected due to the
potential for false negatives. All criteria were met for soii boring samples.

6. Laboratory Precision Evaluation: All criteria were met for water samples with the exception of ‘
nickel and potassium. The resuits for these analytes should be approximated in all samples. All
criteria were met for soil samples with the exception of copper suggesting that all soil samples be
approximated for that analyte.

7. Field Precision Evaluation: Duplicate samples were collected for soil boring samples and large
variances between sample results were obtained for the following analyte: calcium, chromium,
nickel, sodium, and zinc. The results for these analytes may be considered approximate.

8. Laboratory Control Sample: Metals were analyzed by SW-846 methods which do not specify
the evaluation of laboratory control sampies, but the laboratory submitted the appropriate form
and all analytes were in control. Since cyanide was processed using contract laboratory program
(CL.P) protocols the results were evaluated and determined to be in control.

9. Standard Additions/Furnace Atomic Absorption Analysis (GFAA): All criteria were met.

10. Serial Dilution Results: All criteria were met for the water samples. Sample results should be

approximated for sodium and zinc results in the soil boring samples due to chemical or physical
interferences encountered during ICP analysis. approximated for these analytes in the samples.
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